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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of tha Irwantj^q 

This Invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as Inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summan/ of the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, ICAM-1, IL-5. relA. TNF-ot, p210 bcr-abl, and respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
15 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Aca d. Sci. ljsa 8788. 1987; 
Haseloff and Gerlach, 334 Matyia 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al.. 17 Nucleic Adds Resaareh 1371. 1989. 

Six basic varieties of naturally-occuning enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
In trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which Is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
. After a ribozyme has bound and deaved Its RNA target It Is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new tenets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the affective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, wnh the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 
10 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the InhlbiUon is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 
15 those involved in base pairing. Thus, it Is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 
RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA. TNF-o. p210bcr.abl. or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA. TNF-a, 
p210 bor-abi or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-I. IL-5. rel A. TNF-a. p210bcr-abl, or RSV genes and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
Those Of ordinary sidll In the art, will find that It is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-S, rei A, TNF- 
o, p2l0hcr-abl, or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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Cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" Is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By 'enzymatic RNA molecule" it is meant an RNA molecule which has 
10 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
Intemiolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful In this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals. 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar staictures and equivalent genes to each other. 

By 'complementarity* it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for exampike, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule Is fonned in a hammerhead or hairpin motif, but may also be 
fomied In the motif of a hepatitis delta virus, group I Intron or RNaseP RNA 
(in associatelon with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et ai, 1992, 
Ai<is Research and Human Retrovim^a^ , 8.183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry 28. 4929. EP 0360257 and Hampel 
et al.. 1990. NUGfeig AGldi Rffff, 18.299 and an example of the hepatitis 
delta virus motif Is described by Perotta and Been. 1992 Biochamistry 31 

35 16 of the RNaseP motif by Querrier-Takada et al.. 1983 QM. 35 849. 
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Neurospora VS RNA ribozyme motif is described by Collins (Seville and 
Collins, 1990 ^61. 685-696; Saville and Collins, 1991 Proc. Natl, Affari 
Sci.. USA 88, 8826-8830; Collins and Olive, 1993 Biochemistry y> 2795- 
2799 Guo and Collins. 1995 £MfiQ.J.. 14, 368) and of tiie Group I intron by 
5 Cech et a!., U.S. Patent 4,987,071. These specific motifs are not limiting in 
the invention and those skilled in the art will recognize that all that is 
important In an enzymatic nucleic add molecule of this invention is that it 
has a specific substrate binding site which is complementary to one or 
more of the target gene RNA regions, and that it has nucleotide sequences 
10 within or surrounding that substrate binding site which impart an RNA 
cleaving activity to the molecule. 

The invention provides a method for producing a class of enzymatic 
cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule Is preferably targeted 
to a highly conserved sequence region of a target ( i.e., I CAM-1 , IL-5. reLA, 
TNF-o. p210 bcr-abi ©r RSV proteinsl encoding mRNA such that specific 
treatment of a disease or condition can be provided with either one or 
several enzymatic nucleic acids. Such enzymatic nucleic acid molecules 
can be delivered exogenously to specific cells as required., Alternatively, 
the ribozymes can be expressed from vectors that are delivered to specific 
cells. By "vectors" is meant any nucleic acid and/or viral-based technique 
used to deliver a desired nucleic acid. 

Synthesis of nucleic acids greater than ICQ nucleotides in length is 
difficult using automated methods, and the therapeutic cost of such 
25 molecules is prohibitive. In this invention small enzymatic nucleic acid 
motifs (e.g., of the hammerhead or the hairpin stnjcture) are used for 
exogenous delivery. The simple structure of these molecules increases the 
ability of the enzymatic nucleic acid to invade targeted regions of the mRNA 
stnjctrure. However, these catalytic RNA molecules can also be expressed 
30 within cells from eukaryotic promoters (e.g. Scanion. K.J. et al., 1991 , Proc. 
H9XI >4cfl(f. ggf,. (A<?^, 88, 10591-5; Kashani-Sabet. M., et al.,1992, 
AntlSfnSf ffw. Pgy- 2, a-IS; Dropoulic. B., et al., 1992, J. Virol. 66, 1432- 
41; Weerasinghe, M.. et al., 191. ,iJ5DB^65, 5531-4; Ojwang, J.O., et al., 
1992, Proc. Natl. Acad. Sci.. USA. 89 10802-6; Chen C.J., et al.. 1992. 
35 Nucleic Acids Res., 20, 4581-9; Server. H., et al., 1990 Scienea 247, 1222- 
1225). Those skilled in the art would realize that any ribozyme can be 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from ti.e 
primary transcript by a second ribozyme (Draper et al., PCT W093/23569, 
and Sullivan et al., PCT WO94/02595. both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al., 1992. Nudsic 4r/Wc .dyrr 
SaL27, 15-6; Taira, K. et al.. Nuelale Adds Rms 19, 5125-30: Ventura. M.. 
et al.. 1993, Nudeic Adds flas.. 21. 3249-55. Chowrira et al.. 1994 J. Biol. 
^ftfiOL. 269, 25856). 

By "inhibir is meant that the activity or level of ICAM-I.Rel A, IL-5, 
10 TNF-a, p210bcr-abl or RSV encoding mRNA is reduced below that 
obseived in the absense of the ribozyme. and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAIVI-1, IL-5, Rel A, TNF-a, p210bcr-abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-S. Rel A. TNF-ot. p210bcr-abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, Infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding amis which are complementary to the sequences in Tables 
2,3.6-9. 11 , 1 3, 1 5-23, 27, 28. 31 . 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24. 26-28. 30. 32. 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding amis able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can fomn. The sequence listed in the 
above identified Tables may be fomned of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eul<aryotlc RNA 
polymerase I (pol I), RNA polymerase II (pol II). or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaiyotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (EIroy-Stein and Moss, 1990 Proc. Natl. 
Acad. Set. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al., 1993 Methods Enzymol., 217. 47-66; Zhou et ah, 

30 1990 MoL Cell. BloL, 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2. 3-15; Ojwang et al., 1992 Proc. Natl. Acad. Set. USA, 90, 6340-4; 
L'Huiller et aL, 1992 EMBO J. 11, 4411-8; Usziewicz et al.. 1993 Proc. Natl. 

35 Acad. Sci. USA., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of ttie invention will be apparent from 
the following description of the prefen-ed embodiments thereof, and from 
5 the claims. 

Description Of The Prafarrad Emhnriirnpntff 
The drawings will first briefly be described. 

Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be ^ 2 base-pair long. 

Rgure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987. Nature. 327. 596-600) into a substrate and enzyme portion; Rgure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988. Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nud. Acids, fles., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e.. n 
is 1,2.3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m Is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases {i.e., r Is i 1 base). 
Helix 1. 4 or 5 may also be extended by 2 or more base pairs {e.g., 4-20 
25 base pairs) to stabilize the ribozyme stmcture, and preferably is a protein 
binding site. In each instance, each N and N' independently is any nomial 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size (i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those In the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, /.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is ^ 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linlcer 
molecule. H refers to bases A, U. or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general stnjcture of the hepatitis 
1 0 delta vims ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 Is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2*- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HFat65^C for 1,5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramldlte chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65**C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA*3HF reagent, to the same 
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pot, to remove protecting groups at the 2'-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme» targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2'-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2Vprotecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and t is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2*-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows Indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized piasmid. (23) HH Cassette, transcript containing the 

1 0 hammerhead trans-acting ribozyme linlced to a 3' cis-acting hammertiead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra) . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

1 5 (UC at positions 50 and 51) at its 3' end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and ill, 
indicate the three helices that contribute to the stmcture of the 3' cis-acting 
hammertiead ribozyme (Hertel et al., 1992 Nucleic Aririft Roc 20. 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al., 1990 Bioehamistry 29. 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBQ. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3" end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77: HP(GC) has a Watson-Crick base pair between 
G52 and 077- A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Ras. 21. 1991; Altschuler et al., 1992 suora) . (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al.. 1992 Biochemistry 31. 11843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to SO) at Its 3' end. The 3' cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, 111 & |V, indicate the 
location of four helices within the 3' ds-actlng HDV ribozyme (Perrota & 
Been, 1991 Nattirg 350, 434). The AHDV transcript contains a 31 
nucleotide deletion In the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure Is not drawn to scale. 

Rg. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vHro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-rlbozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
flcal restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3' end. 

20 Fig. 28 shows the effect of 3* flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
intemally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistn/ 
29. 10159). HH+2. HH+37. and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV. and HH(mutant) constructs, 
respectively, and that contain 2. 37 aiid 52 extra nucleotides on the 3* end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleldaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 

30 because the data points did not fall on a single exponential curve, 
presumably due to varying confonners of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in 0ST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-lncubated 
35 with MgCl2 (+) or with OEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30.31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5* and the 3' end following self-processing. 30. 
shows various penmutations of a hammerhead self-processing cassette. 31, 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. An-ow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?. 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-viais-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAi"^©* and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pel III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-S transcript is a toincated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

. Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop stnjcture was 

30 incorporated at the 3* end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3* end of the A3-5/HIHI ribozyme chimera 
was altered to enable duplex fonmation t>etween the 5* end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the /i3-S/IHHI 
chimera. 

Figures 35 and 36. Northern analysis to quantltate ribozyme 
expression in T celt lines transduced with 63-5 vectors. 35) A3«5/HH1 and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et a!., 1990 supra). Northem analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from ceils 
(Chomczynski & Sacchi, 1987 Analytical BiochBmistry 162. 156-159), and 
transduced with various constmcts described in Rg. 34. Northem analysis 

10 was carried out using standard protocols (Ct/rr. Protocols Mol. Biol. 1992. 
ed. Ausubel et al., Wiley & Sons. NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol ill 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity In total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constmcts described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 jig total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90»C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCl2. RNAs were 
renatured by cooling the reaction mixture to 37»C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37'C. The reaction was allowed to proceed for - 18h. 

25 following which the samples were resolved on a 20 % urea-poiyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal OEM cell lines. 38) Northern analysis of S35- 
transduced clonal GEM cell lines. Standard curve was generated by 

30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced GEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 

35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAjmet, refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5* tenminus-labeled 
5 substrate FtfJA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure fomned due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B t>oxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
1 5 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35. 
HHIS3S, S35 Plus, and HH1S35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITR2-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3. MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-assoctated viius and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted temninal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stutter) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes merited as El , pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being fonmed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
. fonns 5 bp on the 5* side and 8 bp on the 3* side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. BioDhvs, Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding amis. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Rg. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem 11 (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3' end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. HI and H2 are intermolecular 
10 helices fomned between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices fomned within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Henranz et at., 
1993 EMBO. J.I 2, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burice, 1992 Nucleic Acids 

20 Res. 20. 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base* 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 An'ow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless othenvise indicated. Those skilled in 
the art will recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a-^^P]CTP (Chowrira & 
Buri<e, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chlorofonn:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 [il 
1 0 DEPC-treated water and stored at -20**C. 

Unlabeled ribozyme (1|iM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90**C for 2 min. and slow cooling to ZT'C for 10 min. The 

15 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37**C. Aliquots of 5 ^1 were taken at regular time intervals, 
quenched by adding an equal volume of 2X fomiamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

20 imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme*substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L. A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP*L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-LI (4 bp helix 2). To make internally- 
30 labeled substrate RNA for f/ans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PGR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Rgs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme«substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph shoving RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both ZO^'C and at 26*^0. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PGR using primers that place the T7 RMA promoter upstream of the 
amplified sequence. Cleavage reactions were earned out as described 
10 above except that 20''C and at 26'^C temperatures were used. 

Figs. 73a<l shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 Is replaced by a nucleotide loop wherein q is ^ 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103'L', wherein L is a 
non-nucleotide linker molecule (Benseler et al., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et aL, WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et aL, 
1993 supra; Jennings etaL, supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region 's' at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. Ri Is as defined above. R is OH, H, 0*protecting group. NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-taiose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing 5'-C-methyl-L-taio modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown. 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammeriiead ribozyme (accordirig to Hertel et al. Nucleic Acids Res, 1 992, 
20, 3252) showing specific substitutions. 

Figs. 81ai shows the structures of various 2*alky! modified 
nucleotides which exemplify those of this invention. R groups are alkyi 
15 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2*-C- 
ailyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'*C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2*-C-difiuoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-0 
25 carboxymethylidine uridine, 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X Is CH3 or alkyI as discussed above, or 
another substituent. 

Figure 87 Is a diagrammatic representation of a synthesis of 
nucleoside 5'*deoxy-5'-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 
nucleoside 5**deoxy-5'-difluoromethyiphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5 -deoxy-S'-difluoromethylene triphosphates. 

Rgures 90 and 91 are diagrammatic representations of the synthesis 
of 3'-deoxy-3 -difiuoromethylphosphonates and dimers. 

Figure 92 is a schematic representation of synthesizing RNA 
phosphoramidlte of a nucleotide containing a 2'-hydroxyl group 
10 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2'-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala. represents HHN ribozyme containing 2'-NH-alanine modification at the 
20 U7 position. U4/U7-ala. represents HHA containing 2*-NH-alanine 
modifications at U4 and U7 positions. U4 iys, represents HHA containing 
2'-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2'-NH-lysine modification at U7 position. U4/U7*tys, represents HHN 
containing 2*-NH-lysine modification at U4 and U7 positions. 

25 Rgures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B. refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. I02a*d is a schematic representation of a method of the invention. 

Rg. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ritx>zymes of this invention. 

Figure 106 generally shows R-loop fomnation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al.. PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210'>c^*^bl^ or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1. 
11-5. rel A, TNF-a ,p210b<^r-abl^ or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I Tarqgt ^itw 

25 Targets for useful ribozymes can be detemnined as disclosed in 

Draper et al PCT WO93/23509. Sullivan etai, PCT WO94/02595 as well 
as by Draper et al., PCTAJS94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding amis suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et al., 1989 Proc. Natl. 
Acad. Sci., USA. 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otheiwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed. RNaseH is 

25 added and the mixtures are incubated for the designated times at 37''C. 
Reactions are stopped and FWA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is detennined by 
autoradiographic quantitation using a phosphor Imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpfn motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al.. 1990 
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Nucleic Acids Res.. 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for Ai4 (numbering from Hertel et al., 1992 Nucleic Acids Res.. 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstnjct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989. Methods Enzymol, 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example. 2'-amlno. 2*-C.allyl. 2'-flouro. 2"-amethyl, 2'H (for a 
review see Usman and Cedergren, 1992 TiBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

1 5 high pressure liquid chromatography and are resuspended in water. 

Example It ICAM.1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti*lgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the wori< described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rtieumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5. 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell Induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-l (ICAM-1) Is a 110 kilodalton member of 
the immunoglobulin superfamlly that is Involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331. 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137. 
245-254). Upon treatment with a number of Inflammatory mediators 
(lipopolysaccharide, r interferon, tumor necrosis factor-a. or interleukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et al. supra; Dustin et al.. supra; and Rothlein et al.. 1988 J. 
Immunol. 141. 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons etal.. supra). Elevated expression is detectable 
after 4 hours and peaks after 16-24 hours of induction. 

ICAM-1 induction is critical for a number of inflammatory and immune 
responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd.1988 Proc. Natl. Acad. Sci. USA 
85. 3095-3099; Dustin and Springer. 1988 J. Cell Biol. 107. 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 
cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation, 
suggesting that ICAM-I is required for these cognate cell interactions 
(Boyd etal.. supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-I defective murine B cell mutants to 
stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol. 144. 4082-4091). Conversely, murine L cells require tr^nsfection 
with human ICAM-1 in addition to HL^-DR in order to present antigen to 
human T cells (Altmann et al.. 1989 Nature (London) 338. 512-514). in 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 
interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
1 0 are 5' to 3* in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding amis) is 
altered to affect activity and may be fornied of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northem, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al.. PCT WO94/02595, incorporated by 
reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similariy. ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role In Immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These antl-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those In the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
30 51,537-539). 

Antibody to ICAM-I blocks renal (Coslmi et al., 1990 J. ImmunoL 144. 4604- 
4612) and cardiac (Ravin et aL, 1991 Transp/anf. Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug. et al., 1 993 fransp/anfar/on 55. 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et aL, 1990 Arthritis Rheum 33, 
1776-86; Koch et aL. 1991 Lad Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et at., 1993 
Arthritis Rheum 36. 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1992 Cell Immunol 142, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol U7, 4167-71). 

• Myocardial isdiemia. stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et aL, 1992 Am J Physiol262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et aL, 1993 Exp Neuron ^9, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al.. A992Circulation 86. 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed ainvay endothelium and epithelium in vivo 
(Wegner et aL. 1990 Science 247. 456-9). 

25 In a primate model of asthma, antl-ICAM-1 antibody blocks ainfl^ay eosinophilia 
(Wegneret al.. supra) and prevents the resurgence of ain^^ay inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et aL, 1992 Clin 
Exp Allergy 22, 569-75), 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM*1 is expressed m 
psoriatic lesions and expression correlates with inflamnnation (Kellner et al., 
1991 Br J Dermatol \2S, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al. . 1 993 Br J Dermatol 1 28. 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al., 1993J Immunol 150. 2148*59 ). 

• Kawasaki disease 

Surface ICAM-1 expression con-elates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al.. 1989Lancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients: particulariy 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., 1992Arthritis Rheum 35. 672-7; TsujI, 1992 AreruglAA, 1507-14). 

Circulating LFA-1+ T ceils are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al.. 1993Scar7d J 
1 5 Immunol 37. 377-80). 

Examole 2: IL-S 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and actuation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1. IL-3, IL-4. GM-CSF, TNF-a, gamma interferon. VCAM, ILAM-1. 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1R and TNF-aR on keratinocytes, 
epithelial and endothelial ceils in airways. Recent data suggest that certain 

30 neuropeptides may play a role In asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are cun^ently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et aK, 1989 suDI&L Garssan et al.. 1991 Am. Rev. 
5 Respir Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89, 747-752: 
Mauser et al.. 1993 sUDia). Ribozyme cleavage of IL-5mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-S mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11,13, and 14, 15. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
15 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammeriiead ribozymes listed in Tables 12 and 14 (5-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5'-CACGUUGUG-3') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can fonri. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes deiscribed specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing tL-5 
expression levels. Ribozymes wilt be delivered to cells by incorporation 
5 Into liposomes, by complexing with catlonic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence. and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
10 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interteukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et al., 1988 Immunol. Rev. 102, 107), It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al.. 
1989 filfifiil73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258*65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J, Exp. Mg<a, 167, 219*24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol, Clin. Immunol. 
2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to Intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage ceils were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2. IL-3, IL-4. IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al., 1993 J. Allergy 
Clin. Immunol- 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al.. 1 993 Am. J. Rasnir Call. Moi, Bint g, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing iL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al., 1993 Am. J. Respir. Cell. Mol. Biol 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM^SF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and nomial individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3. IL-S and GM-CSF in 
25 the circulation of asthmatics but not in nonmal bidhdduals (Bruljnzeel et al., 

1992Sehwafe Mart W«v>h«>n«/.f^r, 122.298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and ttie responsiveness to the bronchioconstrlction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al-. 1993 Am. Rev. RaspiV nte 148, 1623-7). in a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et aL, 1993 Am. Rev. Respir Pis. 147. 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytol<ines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T*cell- 
1 5 derived factors like IL-5 are responsible for the activation and malntainance 
of eosinophils (Kay, 1991 J, Allamv Clin Immun 87. 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnomially high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et aL. 1993 in Immunoohamiacol. Eosinophik ed. Smith and 
25 Cook, pp. 193-216. Academic, London. UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
SlUUa). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary Infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Alierov Clin. ImmunoL 85. 422). 



c 

wo 9Sa322S 



( 



PCT/IB9S/00156 



33 

L-Tryptophan-assoclated eosinophilia-myalgla syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1993 J Invest. Dannqt»' 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatoiy cells in patients with EMS. It appears that IL-5 
and transfonfning growth factor play a significant role in the development of 
EMS (Varga et al.» 1993 sufilfl) by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, nl)ozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et ah, 1993 
SUfiCa) and can be used to optimize activity. 

Example 3: KIF-xrB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to Inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
niacrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator. NF-kB. One subunit of NF-kB. the relA gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
Is particularty well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes {e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that Is homologous to the 
oncogene, v-ra/. The activity first described as NF>kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-kB 1 (pi 05) or NF-kB2 (pi 00). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Arari 
USA 89. 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.8. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-KB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins. R.M. Schmid. G.J. 

20 Nabel, J. Virpj. 1992 66, 3883-3887). Similarly, blocking r©/ A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion: blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et at.. 
1993 MqI. Cell. Biol. 13, 3802-3810). Thus, the promiscuous role Initiaily 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore, 
1989 £sll 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-ouf mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothloate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAO-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated Induction of IL-6 (1. 
Kitajima. et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen. 
5 1993 mr Ceil, Biol. 13. 6137-46). 

•NF-kB is required for Induction of the adhesion molecules ICAM-1 
{EcK et at.. 1993 Mol. Cell, BloL 13. 6530-6536). VCAIM-1 (Shu et ai.. 
supra), and E-selectin (Read, et a!., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

10 •NF-kB is Involved In the induction of the integrin subunit, GDI 8. and 

other adhesive properties of leukocytes (Eck et al.. 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

1 5 Inflammation: glucocorticoids may exert their anti-Inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe. et al., 1994 J. BioL 
QtlfiDL 269. 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91, 

20 752-756). Conversely, overexpresslon of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor vinjs promoter. Finally, protein 
cross-linking and co-lmmunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id). 

Riborymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of hunrian and mouse ra/A mRNA can be screened for 
accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17. 18 and 21-22. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown In Tables 19-22. Those In the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be fomied of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
1 5 induced VCAM-1 , ICAM-1 . IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. CytoWne-induced VCAM-1, ICAIVI-1. IL-e and IL-8 expression will 
be monitored by ELISA, by indirect Immunofluoresence. and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis. 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB actwity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-e and IL-S mRNA and protein. The effect of the anti-re/ >\ ribozymes 
on graft rejection will then be assessed. Similarty, ribozymes will be 

30 Introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Uposome delivery, cationic lipid 
delivery, or adeno-assoclated vlais vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-re/A ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a dmg are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler. E.D. Allen, J.M. Wilson. J.W. 
Hartman, B. L Davidson. J. Clin. Invest. 92. 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition. NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa. J.W. Pierce, G.E. 

30 Soneneshein, MoL Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 



•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et al., 
supra, K. O'Brien, et al., J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 'Asthma. 

Granulocyte macrophage colony stimulating factor (QM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local Induction of GM-CSF and other Inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovims vectors have short lifetimes in 
immune competent Individuals. The length of expression of adenovirus 
vectors in temiinally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates Inflammatory and immune responses into existing 
30 adenovinis or retrovinis constnicts will greatly enhance tiieir potential. 

Thus, ribozymes of the present Invention ttiat cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes In a number of tiie possible 
indications. Development of an effective ribozyme that Inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima. et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNPh. 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-o) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-o hito experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old. 

IS 1985 SfiifiDCft 230. 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 UsMa. 316. 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-B (Shakhov et al., 1990 

20 J. Exp. MQ<i, 171, 35-47). Both TNF-a and TNF-8 bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Scifinsfl 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphoklne 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoletic tumor cell lines ( for a 
review see Turestskaya et al.. 1991 in Tumor Necrosis Factor ■Q^m.^ i tr ft 
Function, and Machanigm of Acrt/^ B. B. Agganfval. J. Vilcek. Eds. Marcel 
Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 Qsll 53. 45-53). 
Once secreted, the serum half life of TNF-o Is approximately 30 minutes. 
The tight regulation of TNF-o Is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-o 



C 

WO 9503225 



( 

W0 9S/23225 



c 

PCT/IB9S/001S6 



40 

during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami. 1992 Am. J. Troo. Med. Hvo. 47. 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-o by targeting specified 
5 cleavage sites [Sloud et al.. 1992 J. Mot. Biol. 223; 831; Sloud WO 
94/10301; KIsich and co-workers, 1990 abstract ^FASEB J. a. A1860; 1991 
slide presentation (J. Laukoevta Biol sup. 2, 70); December. 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDlego, CA; and 
'Development of anti-TNF-o ribozymes for the control of TNF-a gene 
10 expression". Kisich, Doctoral Dissertation. 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent Inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5* to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing In humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters Indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 study are shown in Tables 24, 26 • 28. Those In the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) Is 
altered to affect activity. For example, stem-loop II sequence of 
hammertiead ribozymes listed in Tables 24 and 26 (5'-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5*-CACGUUGUG-3*) can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem staicture can form. The sequences listed in Tables 
24, 26 • 28 may be formed of ribonucleotides or other nucleotides or non* 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et ah. 1992 
Circylati9P> 86, 1-473.; Nabel et al.. 1990 Science . 249. 1285-1288) and 
1 5 both vectors lead to transient gene expression. The adenovims vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vh/o. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-oc RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-o mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-o target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-o expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA. by indirect 
immunofluoresence, and/or by FACS analysis. TNF-o mRNA levels will be 
35 assessed by Northern analysis. RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-o activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are han^ested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF*a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
detennine if the ribozymes can blodc an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of antl-TNF-o ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similariy, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated vims vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml) was injected i.p. into 6 week old female 
C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 

30 as specific pathogen free In autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge. MA.) with Eagles 

35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection ofribozymes into macmphages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of llnM lipofectamine (Ufe Technologies. Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse maorophages: 

Supematants were sampled at 0, 2. 4. 8. and 24 hours post LPS 
stimulation and stored at -70OC. Quantitation of TNF-a was done by a 

IS specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-o containing supematants. TNF-a was then 
detected using a murine TNF-o specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supematants viability of the cells was assessed by Incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazo|.2-yl).2,5-dlphenyl tetrazollum 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases. the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-o and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-o an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 sunra; Williams et al., 1992 
Prpc, Natl, Acad. Sci. USA 89, 9784-9788: Jacob, 1992 J. Auteimmim 5 
(Supp, A). 133-143). 
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Septic Shnrk 

Septic shock Is a complication of major surgery, bacterial Infection, 
and polytrauma cliaracterized by high fever, increased cardiac output! 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal antl-lnflammatories to reduce 
fever. Despite these treatments In the best intensive care settings, mortality 
from septic shock averages 50%. due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an Incidence of 

1 0 200.000 cases per year in the United States. Is the major cause of death in 
intensive care unfts. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not nomially detected in the serum, 
such as TNF-a. interieukin-1 B (IL-1B). rinterferon (IFN-y), lnterieukln-6 (IL- 

15 6). and interieukln-S (IL-S). Other non-cytoklne mediators such as 
leukotriene b4, prostaglandin E2. C3a and C3d also reach high levels (de 
Boer et al.. 1992 lmmunoDhannam|ffqY 24, 135-148). 

TNF-o is detected eariy In the course of septic shock in a large fraction 
of patients (de Boer et al.. 1992 ayB£a). In animal models, injection of TNF- 

20 o has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et a!.. 1985 ScifillEfi 229. 869-871): in contrast, 
injection of IL-10. IL-6. or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1S. IL-6. IL-S. PgE2. acute phase proteins, 
and TxA2 In the serum of experimental animals (de Boer et al.. 1992 

25 succa). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic Intervention. 



30 



Rheumatoiri Arthritis 



Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
chronic Inflammation of the joints leading to bone destmction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA Joints have been shown to 
35 contain elevated levels of TNF-a. IL-lo and IL-1 13, IL-6. GM-CSF, and TGF- 
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5 (Abney et al.. 1991 Imm, R9V. 119. 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytolcines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1a/3 production by these 
cells to undetectable levels (Abney et al., 1991 Supra) . Thus, TNF-o may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-Inflammatory cytokine, TQF-0, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

1 0 specimens clearly demonstrate the production of TNF-a, IL-lot/S, and IL-6 
from macrophages near the cartilage/pannus Junction when the pannus in 
invading and overgrowing the cartilage (Chu et a!., 1992 Br. J. 
Rhe^ipigtoiQgy 31, 653-661). GIWI-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be. fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-o has also been shown to 
increase osteoclast activity and bone resorbtlon, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Em. Immiinnl 89. 244-250). 

20 Elimination of TNF-o from the rheumatic joint would be predicted to 

reduce overall Inflammation by reducing induction of MHC class II. IL-WB. 
Ii-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-o would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-o antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al.. 
1992 Prec. Natl. Acad. UfIA 89. 9784-9788). in addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-o monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
tenti may be limited by the expense and immunogenidty of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune ceil infiltrate (Kupper, 1990 ±, 
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Clin. Ipygst. 86. 1 783-1 789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. Tlie disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving Inflammation of the entire 
epidennis. The cellular infiltrate of psoriasis includes T-iymphocytes, 
5 neutrophils, macrophages, and dernial dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the Th-1 phenotype, although 
some CD8+ and CD4-/C08- are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves. 1991 
15 Samin. Dermatol in 917) 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a . IL-1a. IL-1B, IL-1ra, IL-6, IL-8. IFN-y. and TNF-a . In addition 
to abnomial cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been obsen/ed (Reeves. 1 991 smsX- This cytokine profile 
is similar to that of nomal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF. TGF-a. IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et al.. 1991 APMIS 99. 58-64). 

NIckoloff et al.. 1993 (J Dermatol firi 6, 127-33) have proposed the 
foUowing model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-lo, IL-IO. IL-6, IL-8, TNF-o. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs. 
macrophages, and T-cells into the wound site. 

Dennal dendrocytes near the dermal/epidemial junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-o. IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
immunocytes from the dermis into the epidemnis. During passage through 
5 the dermis. T-cells encounter the activated demial dendrocytes which 
efficiently activate the T^-l phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-Y also feeds back to the dermal dendrocyte. maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of iL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
1 5 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes. and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE fomiulated for topical 
application. The mechanism of action of corticosteroids Is multifactorial. 
This is a palliative therapy because the underiying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Altemative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Altemative retlnoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 



( 

wo 9SaJ22S 



c 

PCT/IB9SA)0156 



48 

keratinocytes to a differentiated state and restoration of normal sicin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is IHe-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
o and TNF-8 levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovinjs. herpesvimses, hepatitis vinises, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-o and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 Simia). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-o and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J, Vjrol. 66. 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-o and IL-6 may be an adaptive 
mechanism of the vinjs. TNF-o has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specifIc transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-o secretion by the HIV 
vims may promote Infection of neighboring CD4+ cells both by enhancing 

35 vims production from latently infected cells and by driving replication of the 
vims in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et al., 1992 Immun. Rav. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedbacl( In infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
CNIdren with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This con-elation lends support to the hypothesis that reduced viral 
1 0 replication is physiologically linked to TNF-o levels. Furthemiore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
Infection is due to membrane-bound TNF-o. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-o has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Tron. MaH Hyg 47. 2-7). increased 
autoimmune disease (Jacob, 1992 ssmsO, lethargy, and immune 
suppression in animal models (Aderka et al., 1992 Isr. J. Mad. Sri , 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-o frequently observed in AIDS patients. 
Similarly, TNF-o can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 li 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatoiy effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a dmg are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with catlonic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints Is mediated by adenovirus, 
retrovinjs, or adeno-assoclated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessler. E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92. 1085-1092 (1993)). It Is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-Inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-assoclated virus 

1 5 vectors would lead to pemianent gene transfer and expression in the joint 
However, pemnanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum comeum of the plaque is thinned, providing 
access to the proliferating keratlnocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described In current literature (Nickoloff et al., 1993 Supra^ . 
25 Primary human keratlnocytes are easily obtained and will be grown into 
epidemial sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse devetops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 'Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovims vectors have short lifetimes in 
immune competent Individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates Inflammatory and immune responses into existing 
adenovinjs or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-o mRNA 

and thereby TNF-o acthrity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible Indications. Development of an effective ribozyme that inhibits 
TNF-o function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: pginbgC^aM 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving Into an acute leul(emia which is caused by the clonal 
expansion of a celt with a less differentiated phenotype (Lfl», the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient fe.o. 
approximately 4 years). Consequently. CML patients are candidates for 
bone man^ow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperiey et al.. 1 988 Br. J. Haematnl. 69. 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found In greater than 95% of CML patients and in 10- 

30 25% of all cases of acute lymphoblastic leukemia ((ALL); Fourth 
International Woricshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cvtoqgnflt. 11. 316]. in virtually all Ph^ositive CMLs and 
approximately 50% of the Ph-posltive ALLs. the leukemic cells express bcr- 
abl fusion mRNAs In which exon 2 (b2-a2 junction) or exon 3 (b3-a2 

35 junctfon) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the aW gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, filficd 69, 971). In the remaining cases of Ph- 
positive ALL. the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al.. 1989 Proe. Nat. Ac ad. Sci D.^A 86, 4259; 
5 Heisterkamp et al.. 1988 Nudeie Acids Res. 16.10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abi fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Scienea 247, 
824; Heisterkamp et al., 1990 fclalUEfi 344. 251). The importance of the bcr- 
abi fusion protein (p210*cr.a6^ („ ^^e evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
anttsense oligonucleotide inhibition of p210^^'''^^' expression. These 
inhibitory molecules have been shown to inhibK the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczyiik et al., 1991 
SfiifiQCfi 253. 562). 

15 Reddy. U.S. Patent 5.246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abi fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A. U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624. and WO 91/18913 and 
Snyder et al., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-/as RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype In man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed In pre-neoplastic and transfomwd 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either io 
Jdya administration to reduce the tumor burden, or fixyiya treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2*a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the termRNA or 
the 3' portion of the ab/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML. Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi q\ 91,, 1992 sucia) is an in yiHa transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only flx mfi treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA staicture. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This Is possible because the libozymes are designed to 
disable those stnjctures required for successful cellular proliferation. 

RIbozymes of this invention block to some extent p2'\Q^^'''^^l 
expression and can be used to treat disease or diagnose such disease. 
5 RIbozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
10 that did not form secondary folding stmctures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

15 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding amis) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem stnjcture can form. The 
sequences listed in Tables 30 may be fonned of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the Tables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-ablmRNA sequences. These have been synttiestzed 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function In vivo by exogenous delivery to 

cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA. by indirect Immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abi mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Riboz^es that block the induction of p2io^^*^^^ protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the Inhibition 
of RSV replication. 

RSV is a member of ttie virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a rewew see Mcintosh and Chanock, 
1990 In Virology ed. B.N. Fields, pp. 1045. Raven Press Ltd. NY). The 
infectious vims particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
Stranded non-segmented RNA associated with repeating subunits of 
1 S capsid proteins to fonn a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall. 1990 in Principles and Practice of Infectious Diseases 
ed. Mandetl et al.. Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NSI (1C) and NS2 (18)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Bank at ai. 1992 J. Virol. 66. 
6813), The order of transcription corresponding to the protein assignment 
on the genomic RNA Is 1C. IB. N. P. lA, SH. G. F. 22K and L genes (Huang 
Bt al., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and IB mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-Infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV. A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
Is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 detemiinates result primarily from both surface glycoproteins. F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however. A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et al.. 1987. Proc. 
Natl. Acad. Sd. USA 84. 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90.000 hospitalizations and 4500 

20 deaths in the United States alone (Update: respiratoiy syncytial virus 
activity * United States, 1993. Mmwr Morb Mortal Wkly Rep. 42. 971). 
Infection with RSV generally outranks all other microbial agents' leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock. supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is In 7 to 12 days. Initial symptoms (rhinonrhea, nasal congestion, 
slight fever, etc.) are followed In 1 to 3 days by tower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underiying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortalfty Is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock. supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam etal., 1993. 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et aL, 
10 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors ef a/., 1992 J. Virol. 66. 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man. 3rd edition. 1990. (eds. G.J. Galasso, R.J, Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underiying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso. R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra;. 

35 Jennings et aL, WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (IB) and N viral genes. 
These genes are knovwi In the ait (for a review see Mcintosh and Chanock. 
iggOsupia). 

Ribozymes that cleave the specified sites in RSV mRNAs represent a 
novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their Inhibitory effect. Those of 
ordinary sicill in the art, will find that it is clear from the examples described 
that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
IB and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV {P. M. SH, G, F. 22Kan6 L) and the genomic RNA may be readily 
designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences In Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown In Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding amis able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA In these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C, IB, N, P. M. SH, 22K, F, G, 
and L) are essential for viral IHe cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 IB, SH and 22K are not found in other members of the family 
paramyxovlridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
slgnificanl sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson etaL, 1987 supra)., RSV proteins 1C, 1B and N 
10 are highly consen/ed among various subtypes at both the nucleotide and 
amino acid levels. Also. 1C, IB and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, IB and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34. 37 and 38 (All 
sequences are 5' to 3' In the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for nomial RNA synthesis as described in Usman et 

25 a/.. 1987 J. Am. Chem. Soc. 109. 7845-7854 and In Scaringe et al.. 1990 
Nucleic Acids Res.. 18. 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end. and 
phosphoramldltes at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 Gs and a U for Au (numbering from Hertel et al., 1992 Nucleic Adds Res.. 
20. 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstnict the active ribozyme (Chowrira and Burice. 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck. 1989. H4ethods Enzymol. 180. 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2 -amino, 2*-C-allyl, 2'-flouro, 2*-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17. 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example. stem*loop II sequence of 

10 hammerhead ribozymes listed in Tables 32 and 34(5*-GGCCGAAAGGCC- 
3*) can be altered (substitution, deletion, and/or Insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similariy, stem*loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can fonm. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non^nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous common ceil lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vera and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human vinjses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis. RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, IB and N protein encoding 
mRNAs by more than 90% will be identified. 
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QptimizinQ RibQ?vme Activity 

Ribozyme activity can be optimized as described by Draper et a!.. PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g.. Eckstein et aL. International Publication No. 
WO 92/07065; Perrault etal., 1990 Hatuca 344. 565; Pieken et al., 1991 
Sciansa 253, 314; Usman and Cedergren, 1992 Trends In Biochem. Scj, 
17, 334; Usman et al,, International Publication No. WO 93/15187; and 

10 Rossi et aL, Intemational Publication No. WO 91/03162, as well as 
Jennings et a/., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al.. PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by Incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehlc|e combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to. Intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill fomi), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et aL. 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 



(, 

W09Sa322S 



c 

vcTfaismisc 



62 

pol 11 promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokajyotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (EIroy-Stein and Moss, 1990 Proc. Natl. Aeari Rr\ 1 1 fi at ct^q.?. 
and Huang 1993 Nucleic Acids Res., 21. 2867-72; Lieber et al.. 1993 
Methods Enzvmot.. 217, 47-66; Zhou et al., 1990 MoLCell. Bini io. 4529. 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal.. 1992 Ant'89nS9 R9S. DeVn 2.3-15; Ojwang etal.. 1992 Proc. Natl 
Acad. Sci. USA. 89. IO8O2-6; Chen et al., 1992 Nucleic ArIHr q« yy , 20. 
4581-9; Yu etal., 1993 Proc. Natl. Acad. Sel. U S A Qn k^a- L'Huillier 
et al., 1992 EMBOA 11. 4411-8; Usziewicz et al., 1993 Proc. NaM, AmH 
Sci. U. S. A.. 90, 8000*4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction Into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman. 1989 SciflOfift 244, 1275-1281; Roemer and Friedman. 1992 
25 Eur. J. BiQChgm. 2O8. 211 -225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehlcle complexes, or the recombinant vims 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diaanostie uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(fi^, multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other la yil£a uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1 , 
relA, TNF-a. p210, ^cr-abl or RSV related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild«type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the ''non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes. two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
poiyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e.. ICAM-1, rel A, TNF«, p210bcr-abl or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

H. Chemical Synthesis Of RlborymaQ 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has detemnined that the 
synthesis of enzymaticaily active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in temis of both yield and time, that correct exocycllc amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the allcylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct v/otk-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in tenns of yield and biological activity of 
a large RNA molecule (Le., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine. which may 
be removed at the end of the synthesis by incubating the RNA in NHa/EtOH 

25 (ethanolic ammonia) for 20 h at 65 'C. In the case of the phenoxyacetyl 
type protecting groups shown in Rgure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation In ethanolic 
ammonia for 4 h at 65 "C is used to obtain complete removal of these 
protecting groups. Removal of the alkyisilyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitaBon. or an anion exchange 
cartridge desalting, as described in Scaringe et a/. Nucleic Acids Res. 
35 1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrlle gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, Li* »to. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme. but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 3g^i) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl. as used herein, refers to a saturated aliphatic hydrocart)on, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(8) is 
preferably, hydroxyl. cyano, alkoxy, =0. =S. NO2 or N(CH3)2, amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocartwn 
groups containing at least one cartion-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 cartjons. More preferably H is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2, halogen, N{CH3)2, 
amino, or SH. The ternn "alkyl" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain. and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
10 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH3)2. amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated n electron 

1 5 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The prefen-ed substltuent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl. alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all cartjon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyn-olyl, N-lower alkyl 
pyrrole, pyrimidyl. pyrazinyl, Imldazolyl and the like, all optionally 
substituted. An "amide" refers to an •C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR'. where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using S-S-alkyltetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra. 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH40H/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) 9 65 for 10-15 m to remove the exocyclic 
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amino protecting groups {v$ 4-20 h @ 55-65 "C using NH40H/EtOH or 
NHa/EtOH, vide supra). Other alkylamines. e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine*hydrogen fluoride (aHF*TEA) 
5 @ 65 "C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsiiyi protecting group 

(i^s 8 - 24 h using TBAF, vide supra or TEA»3HF for 24 h (Gasparutto et al. 
Nucleic Acids fles. 1992. 20, 5159-5166). Other alkylamine«HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NAIOO®, Mono-O*, Poros- 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2'-hydroxyl alkylsiiyi protecting 
groups. Such methods enhama the production of RNA or analogs of the 
type described above (e.g.. with substituted 2*-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be perfomied with the alternative chemicals noted 
above, whteh can be optimized and selected by routine experimentaliofi. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides In length) by passing said RNA or enzymatic RNA molecule 
over an HPLC. e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et al., POT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particulariy in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it Is advantageous to 
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use a Dtonex NucieoPak 100^ or a Pharmacia Mono anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate. yields the con^esponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5 -trityl-on or 5*- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or CI 8 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 (xm, preferably 5 pm. 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramldltes is known (Usman ef aL J. Am. Chem. 
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Soc. 1987, 109. 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound S'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: Synthesis of RNA and Ribozvmes Using 5^S-Alkvltetra?QlQfi 

9s Agtiyatipq Agent 

The method of synthesis used follows the general procedure for RNA 
synthesis as described in Usman et al., 19875upra and in Scaringe et al., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5'-end. and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyi or -methyltetrazole @ 0.25 M 
concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 (imol scale protocol with a reduced 5 min coupling 
step for allcylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 \iL of 0.1 M s 32.5 ^mol) of 
20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 of 0.25 
M = 100 jimol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 
25 2% TCA in methylene chloride; capping was perfomned with 16% AI^Methyl 
imidazole in THF and 10% acetic anhydride/10% 2.6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 5-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 ^mol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-Omethylated RNA. A six-fold excess (1 .5 mL of 0.1 M = 150 jxmol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 ^mol) relative to polymer-bound 5'*hyclroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, detemnined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine. 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

PeprQtggtipn 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH40H/EtOH:3/1 (Usman etaL J. Am, Chem. Soc. 1987, 109, 7845- 
15 7854) or NHa/EtOH (Searings etaL Nucleic Acids Res, 1990. 18, 5433- 
5341) for -20 h @ 55-65 •C. Applicant has determined that the use of 
methylamine or NH40H/methylamlne for 10-15 min & 55-65 •C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozyme Deprotectto n of gxpcyclic f^^ lr^Q 
20 Protecting Groups Using Methvlamine (MA^ nr NM^ QH/MethviamtnA f ama) 

The polymer-bound oligonucleotide, either trityl-on or off. was 
suspended in a solution of methylamine (MA) or NH40H/methylamine 
(AMA) d 55-65 •C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transfen-ed from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 for 5-15 min. After cooling to -20 ^'C. the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H20/3:1 :1 . vortexed and the supematant was then added to 
the first supematant. The combined supematants. containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et at. J. Am. Chem. Soc. 1987, 109. 7845- 
7854). Applicant has detemiined that the use of anhydrous TEA*HF in N- 
5 methylpynt>ndlne (NMP) for 0.5-1 .5 h « 55-65 gives equivalent or better 
results. The followbig exemplifies this procedure. 

Example 9: RNA and Ribozvme Deorotection of 2'-HvdrQxvl Alky|^ j|y[ 
ProtectinQ Groups Using Anhydrous TEA*HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 of 1.4 M anhydrous HP 
solution (1.5 mL /V-methylpyrrolidlne, 750 jO. TEA and 1.0 mL TEA»3HF) 
and heated to 65 "C for 1.5 h. 9 mL of 50 mM TEAS was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 ml^ TEAB. 
15 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 10 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl depnstection. 

Example 10: HPLC Purification, Anion Exeha noe column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Phannacia Mono Q® 16/10 or Dionex NucleoPac* column with 
100% buffer A (10 mM NaCI04). A gradient from 180-210 mM NaCI04 at a 
rate of 0.85 mMArold volume for a Pharmacia Mono Q» anion-exchange 

25 column or 100-150 mM NaCI04 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac* anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPacS* 
column. Fractions containing full length product at ^80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Phannacia HILoad 26/10 Q-Sepharose* Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 



c 

wo 9503225 



r 

PCT/IB9S«01S« 



72 

300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H20 to lower the salt 
concentration and applied to a Pharmacia Mono 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac* column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Phamiacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the cmde material was desalted 
by applying the solution that resulted from quenching of the desllylation 
reaction to a 53 mL Pharmacia HILoad 26/10 Q-Sepharose® Fast Flow 

1 5 column. The column was thoroughly washed with 20 mM NH4CO3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CO3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to detemiine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH4C03H/25% CH3CN. 
buffer A » 20 mM NH4C03H/10% CH3CN) was run over 35 columri 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac* column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme {vide supra). 

30 Example 1 1 Ribozvma Aetlvitv Assgy 

Purified 5'-end labeled RNA substrates {15-25-mers) and purified 5*- 
end labeled ribozymes (-36-mers) were both heated to 95 'C, quenched 
on ice and equilibrated at 37 "C. separately. RIbozyme stock solutions 
were 1 \iM, 200 nM. 40 nM or 8 nM and the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 ^L. The 
assay buffer was 50 mM Tris-CI. pH 7.5 and 10 mM MgCla. Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
\iL were removed at time points of 1. 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 perfomned using a phosphorimager (Molecular Dynamics). 

Example 12: One pot dQorQtQtstion of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2*-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g.. 100 ^mol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 *C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then earned out in the same container for 90 min in a TEA»3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fio. 13. hammerhead ribozyme targeted to site 8 is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Refemng to Fig, 14* hammerhead ribozymes targeted to site B (from 
30 Fig, 13) are tested for their ability to cleave RNA. As shown in the figure U. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a;imnroved protocol for the svnthftsis of Hhft«phnm«hloat«| 
CQPtaininq RNA and ribozvmas iislno S.S.AIIo/lt qtragolBa A>^iyptn .j 

The two sulfurlzing reagents that have been used to synthesize 
5 ribophosphorothloates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbeln. 1991 Tetrahedron Letter 31. 3005), and SH-La-benzodlthiol-S- 
one l.l-dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides. Beaucage reagent Is more efficient than TETD 
(WyrzyWewIcz and Ravlkumar, 1994 Bloorgartio Med. Chem. 4. 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing a'-deoxy-a'-fluoro modifications wherein the 
wait time Is 10 min (Kawasaki et al., 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramldites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 mIn wait steps (Beaucage 

20 and Iyer. 1991 Tetrahedron 49. 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (iy4on/an et al 1990 
Tetrahedron LetterZI, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved In solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major Improvement is the use of an activating agent. 5-5- 
ethyltetrazole or S-S-methyltetrazole at a concentration of 0.25 M for'5 miii 
Additionally, for those linkages which are phosporothioate. the iodine 
solution is replaced with a 0.05 M solution of 3H-1.2-benzodithlote.3-one 
30 1,1.dioxlde (Beaucage reagent) in acetonitriie. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 nmol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for a'-O-methylated 
RNA. A 6.5.fold excess (162.5 nL of 0.1 M « 32.5 nmol) of phosphoramidite 
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and a 40-fold excess of S-ethyl tetrazole (400 ^iL of 0.25 M = 100 jimol) 
relative to polymer-bound 5*-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, detemiined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% /V-Methyi 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine. 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Blosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
fonnula: ASE = (PS/Total)1/n-1 

1 5 where. PS s integrated 31 p nMR values of the PsS diester 

Total s integration value of all peaks 

n s length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5* end. 
25 RNA cleavage activity of this ribozyme is shown in Fio. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the svnthesig of g'^N-nhtaHmi do^udaQfilrift 

phosphpramidite 

30 The 2'-amino group of a 2'-deoxy-2*-amino nucleoside is nomially 

protected with N-{9-flourenylmothoxycarbonyl) (Fmoc; Imazawa and 
Eckstein. 1979 supra; Pieken et al,. 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry fomi during 
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prolonged storage at -20 ^C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of 2'-deoxy-2'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chetn. Res. 1979. S. 24). An intermediate 13 was obtained 
in 50% yield, however subsequent Introduction of N-phtaloyI (Pht) group by 
Nefken's method (Nefkens, 1960 Nature 185, 306). desilylation (15). 
10 dimethoxytrytllation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some altemative approaches, concentrating on selective 
introduction of N-phtaloyI group without aeyiation of 5' and 3' hydroxyls. 

When 2'-deoxy-2'-amino-nucleoslde was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF ovemight with subsequent 
treatment with EtsN (1 hour) only 10-15% of N and 5*(3')-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivath^e 
IS. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative IS by treatment of crude reaction mixture 
20 with cat KCN/l^eOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytllation by DMTCl/EtaN and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2'-amino uridine (US Blochemicals® part # 
77140) was co-evaporated twice from dry dimethyl lomiamide (DmO and 
dried jajfflCU&.ovemight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mbrture was stirred for 10 minutes 

30 to produce a clear solution, 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent. 98% Jannsen Chimica) was 
added and the solution was stin-ed ovemight. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 (il of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 \i\ (1.5 eq.) of TEA was 
added followed by the addition of 1,53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®. 98%). The reaction mixture was left to stir 
overnight and quenched with ETON after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by ^HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidlte 17 in hand applicant synthesized several 

ribozymes with 2-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'*deoxy-2'-amino*U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 

15 protected with Fmoc or Pht. was identical. Additionally, complete 
deprotection of 2'-deoxy-2'-amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidlte 1 7 was 
not effected over prolonged storage (1-2 months) at tow temperatures. 

Protecting g Position with a SgM Group 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucteotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2'-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman,N.; 
Ogilvie,K.K.; Jiang.M.-Y.: Cedergren.R.J. J. Am. Chem. Soc. 1987. 109, 
7845-7854 and Scaringe.S.A.; Franklyn.C; Usman.N. Nuci Acids Res. 
1990. 18, 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally riequired to fully remove this 
protecting group from the 2'-hydroxyl. In addition, the bulky alkyi 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe,S.A.; Franklyn.C; Usman.N. NucL Acids Res. 1990. 
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18, 5433-5441 and Slawinski.J.; Stromberg.R.; Thelin.M.; Westman.E. 
Nucleic Acids Res. 1988. 76, 9285-9296). 

The {trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and ali but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BFsOEta very quickly. 

There follows a method for synthesis of RNA by protecting the 2 - 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyOethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those In the art are familiar with such steps. The 
nucleotide used can be any nonmal nucleotide or may be substituted in 
15 various positions by methods well known In the art, e.g., as described by 
Eckstein et al., International Publication No. WO 92/07065. Pen^ault ef a/., 
Nature 1990, 344. 565-568, Pleken ef a/., Science 1991. 253. 314-317. 
Usman.N.: Cedergren.R.J. Trends in Biochem. Sci. 1992. 17, 334-339. 
Usman et al.. PCT W093/15187, and Sproat.B. European Patent 
20 Application 921 10298.4 . 

This invention also features a method for covalently linking a SEM 
group to the 2 -position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a prefered embodiment* the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art. however, will 
recognize that other equivalent conditions, can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BFsOEta) under SEM removing conditions, e.g.. in acetonitrile. 

Refemng to Figure 18. there is shown the method for solid phase 
synthesis of RNA. A 2'.5*-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2'-position in prior art 
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methods can be a silyl ether, as shown in the Rgure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Othenwise RNA synthesis can be perfomied by standard methodology. 

Referring to Figure 19. there is shown the synthesis of 2'-0-SEM 
S protected nucleosides and phosphoramadltes. Briefly, a 5'-protected 
nucleoside (1) is protected at the 2'- or 3'-position by contacting with a 
derivative of SEM under approprliate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regloisomers are separated by chromatography and the 2'- 
10 protected moiety is converted into a phosphoramldite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Refemng to Rgure 20. a prior art method for deprotectlon of RNA using silyl 
ethers is shown. This contrasts with the method shown in Rgure 21 in 

1 5 which deprotection of RNA containing an SEM group is perfomied. In step 
1, the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramldites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of y.O.rrtrimmhvisiix/i^Athnv Ymathvn.s-.r). r^j. 
methoyvtritvl llririin^^O) 

Referring to Figure 19. 5'-0-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) In CH3CN (18 mL) was added dibutyttin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25»C) at which time (trimethylsllyi)ethoxymethyl chloride (SEM- 
Cl) (487 iiL, 2.75 mmol) was added. The reaction mixture was stin-ed 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'.hydroxyl protected nucleoside 3. 

Example 15: Synthesis nf 2'.O.mrimafhvlsilvnathftyyma thvn UridinA ia\ 

Nucleoside 2 was detritylated following standard methods, as shown 
in Figure 19. 
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Example 16: Synthesis of 2'-0-frtrimethvlsilvnethQx vfnethvn.S'.a'-0.Aefltyj 

Uridine (S) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19. 

5 Example 17: Synthesis of 5'.a'-O.AeBtvt IJridinfl 16\ 

Referring to Figure 19. the fully protected uridine 5 (32 mg. 0.07 
mmol) was dissolved in CH3CN (700 nL) and BFa'OEta (17.5 jiL, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gaye 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18; Synthesis of 2'>0.farimethvlsHvnathoxvmflthvh.a'-r). 
Sueeinvt-S'.O. Dimethoxy tritvl Uridina (9\ 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

15 Example 19: Synthesis of 9'.Q.»trimethv lsiivnathoyvmQthvh.5'.Q. DU 
methQXVtritvl Uridine 3'.r2.CyanQath y| A/.AMiifioprot>vlohofinhnramirijt ^) 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Fi gure 19 . 

20 Example 20: Synthesis of RNA Using 2'. Q.SEM Pmtflctinn 

Referring to Figure 18. the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvle,K.K.; Jlar»g,M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987. 109, 
7845-7854 and in Scaringe.S^.; Franltlyn,C.; Usman,N. Nud, Acids Res. 

25 1 990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 fimol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 jiL of 
0.1 M s 32.5 ^mol) of phosphoramidite and a 80-fold excess of tetrazoie 

30 (400 jiL of 0.5 M o 200 jimol) relative to polymer-bound 5-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394. 
determined by colorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA In methylene chloride; capping was performed with 16% N- 



( 

wo 95/23225 



r 



PCT/IB95/001S6 



81 

Methyl imidazole in THF and 10% acetic anhydride/10% 2.6-lutidine in 
THF; oxidation solution was 16.9 mM I2. 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Fi gure 21 . the homopolymer was base deprotected with 

NHs/EtOH at 65 "C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CHsCN (1 mL). BF3*OEt2 
(2.5 ^ 30 ^mol) was added to the solution and allquots were removed at 
10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

III. Vectors Exoressina Rlbozymea 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5' ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne. The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
Isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. TTiis allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et aL, PCT WO 93/23509. hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid. cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, fonned by site- 
30 directed homologous recombination Into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme. such as a hammerhead, hairpin , hepatitis delta 

5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 

0 recognition sequence to aid in vector constaiction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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but includes the modifications of Been et al., 1992 miochQmistry 31, 
11843) in which cis-cleavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild*type stem-loop f Figure 25) . 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme. the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning /see F\<j. ge) The single- 
strand portions of annealed oligonucleotides were converted to double- 
1 0 strands using Sequenase® (U.S. Biochemicals). Insert DNA was llgated 
into EcoAr/H/ndlll-digested pud 8 and transfomied into £ co// strain DH5a 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processiny /n v^m 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck. 1989 Suora: 
Chowrira & Buri(e, 1991 Sufiia). In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 jiCi [t-32p]gtp, 200 \xM each NTP and 0.5 to 1 »tg of 

25 linearized plasmid template. The concentration of MgCfe was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37^C. For these comparisons. 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [T-32p]GTp to generate 5* 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (S99 Fig, 26). The resulting transcripts have eHher 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template). 220 
nucleotides {Nde\ digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Figure 27. all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra) 
have been changed In the HH(mutant) core sequence (see Raure 2a ) and 
so this transcript is unable to undergo self-processing (Flo. 27) . This is 
evidenced by the lack of a released 5* RNA In the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (Fig. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(QU) ribozyme. both in the 
presence and in the absence of extra downstream sequence. In addition. 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constmct's ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream. HDV Is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence Is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-proeessina raaetinn 

W/VjdIII-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM Tris HCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 \tM OTP; 40 jiCi Io-32p]CTP: 12 mM MgCt2; 10 mM 
5 DTT. The transcriptlon/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (IS U/jil). AUquots of 5 jil were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA. & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics. Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Soflware.l^eeding. PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (l-e**^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci liHf^ 
91, 6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (§w F*m9 23-25). By comparison of the unimolecular rate 
constant (k) detemiined for each constmct, it is clear that HH is the most 
efficient at self-processing rTabia 44^ . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) constmct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra: Chowrira & 
Burke, 1991 sims). The rate of HH self-cleavage during transcription 
measured here (1.2 min-1) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 auBtt using a HH that has a different stem I and stem 111. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV constmct used here. 



c 

W09Sa322S 



r 



PCT/IB9S/00156 



92 

Example 24: Effaet of downstream sequences on trans-fi leavaoQ in vitro 

Transcripts containing the trans ritjozyme with or without 3' flanlting 
sequences were assayed for their ability to deave their tai^et in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands con-esponding both to processed trans-acting ribozymes 
from the HH transcription reartion, and to full-length HH(mutanl) and AHDV 
transcripts were isolated. In all throe transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
1 5 cleavage reactions, a 622 nt region (containing hammertiead site P) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of la-32pjCTP (Chowrira & 
Buri(e, 1991 smsO- The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 0 
DEPC-Ueated water and stored at -20^C. 

Unlabeled ribozyme (1|iM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90»C for 2 min. and slow cooling to 37»C for 10 min. The 
reacUon was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37»C. Aliquots of 5 ^l were talcen at regular time intervals, 
30 quenched by adding an equal volume of 2X foninamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmagei® (Molecular Dynamics. Sunnyvale. 
CA). 



35 



The HH trans-acting ribozyme cleaves the target RNA approximately 
10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Bm9 29). The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Fiqtira 23). This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotMes at the end of 
AHDV were not designed to form any strong, alternative base-pairing wWi 
the trans-ribozyme. Nevertheless, the AHDV sequences are predated to 
fomi multiple stmctures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 obsen^ed reductions in activity for the AHDV and HH(mutant) constnjcts are 
consistent with the predicted folded staictures, and it reinforces the view 
that the flanking sequences can decrease the catalytic effkiiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-pr ocessinn in vivn 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to Investigate ribozyme activity in vivo. A 
20 mouse cell line (0ST7-1 ) that constltutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (EIroy-Stein and Moss, 1990 
Proc. Natl. Acad. Sci. USA 87, 6743). in these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (EIroy-Stein & Moss, 1990 suora) . 

25 Monolayers of a mouse L9 fibroblast cell line (0ST7-1: EIroy-Stein 

and Moss, 1990 SUBH) were grown in 6-well plates with - 5x1 05 cells/well. 
Cells were transfected with circular plasmids (5 ug/well) using the calcium 
phosphate-DNA precipitation method (Maniatis et al., 1982 suora^ . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 |il/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% saritosyl (Chomczynski and SacchI, 1987 
Anal. BiQChem. 162, 156), and so mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chlorofonn:isoamyl alcohol (25:1). Total cellular RNA was precipitated wnth 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in OEPC«treated water. 

Purified cellular RNA (3 ^g/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to QO'C for 
5 2 min. in the absence of Mg^-*-, and then snap-cooling on Ice for at least 1 5 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/^: BRL) In a buffer containing SO 
mM Tris HCI pH 8.3; 10 mM DTT; 75 mM KCl; 1 mM MgCl2; 1 mM each 

10 dNTP. The extension reaction was canied out at 42*C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamlde sequencing gel. The primer sequences 
are as follows: HH primer, 5'-CTCCAGTTTCGAGCTTr-3': HDV primer. 5*- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer. 5'- 
ACCAGGTAATATACCACAAC-3'. 

As shown in Figure 29. specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs. In 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of 0ST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in 0ST7-1 cells appears to be strikingly similar to the extent of 
self-processing in i/»/o fRgure 29 "In VHro +MgCl2" vs. 'Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 
cassette self-processed to approximately 50% in 0ST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (F\aun 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3" cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the posslbiTity that RNA self-processing 
m^ht occur during cell lysis. RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. Rrst. 50 mM 
35 EDTA was included in the lysis buffer. EDTA Is a strong chelator of dhralent 
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metal ions such as Mg2+ and Ca2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that vi^ere designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cIs-actIng ribozymes from folding Into the conformation 
essentia] for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected 0ST7-1 lysates after cell lysis. Thus, only If sel^processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg2+ required for the self-processing reaction 
(Michel et al. 1992 Gene? & Dev. 6. 1373). The fulHength precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected 0ST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37© C prior to the standard 
primer extension analysis (Figure 29. in vitro '-MgCIa" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, Instead, the purified 
RNA containing the fulHength precursor is incubated in 10 mM MgCl2 prior 
25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Raun 9fl in vitro •+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 
30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
worit up, internally-labeled precursor RNAs were prepared and added to 
non-transfected 0ST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (In the presence of unlabeled primers) and 
analyzed to detennine the extent of self-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
0ST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

15 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will theri allow at least 80% 
completion of release of ribozymes, which can be readily detennined as 
described above or by methods known in the art. That Is. any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV. Ribozymes Expressed by RNA PolvmftragA \\\ 

Applicant has determined that the level of production of a foreign 
RNA. using a RNA polymerase III (pel III) based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5* terminus and a 
25 3* region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-CrIck or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5* terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5). 53 RNA (Nielsen et al.. 
1993. Nucleic Acids Res. 21, 3631-3636). adenovirus VA RNA (Fowlkes 
and Shenk. 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 



( 

wo 9503225 



c 



PCT/IB9S/00156 



97 

Nucleic Acids Res. 19» 2073-2075), vault RNA (Kickoefer et al.. 1993 J. 
Biol. Chem, 268, 7868-7873). telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5* 
and 3* ends are involved In hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use In decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' tenninus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

1 5 accumulation. 

Thus, in one prefaced embodiment the invention features a pol III 
promoter system (slsu. a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA ( e.g. . a 
tRNA-based molecule), 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5' tenminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those In the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "tenninus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5' or 3* from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the Other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By '3' region" is meant a stretch of bases 3' from the terminus that are 
involved In intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3' region can be 
designed to include the 3' terminus. The 3* region therefore Is ^ 0 
nucleotides from the 3' tenninus. For example, in the S35 construct 
described in the present invention (Flo. 40^ the 3' region is one nucleotide 
from the 3' tenninus. In another example, the 3' region is - 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, It is prefen-ed to have the 
3' region within 100 bases of the 3' terminus. 

By tRNA molecule' is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules Is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example. 

25 might contain an Intramolecular base-paired structure between the 3* 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box. or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammertiead ribozyme with the B box of a type 2 pol III 
promoter provided In stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By 'desired RNA' molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
S molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatfc RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA Interactions and 
alters the activity of the target RNA (EguchI et al., 1991 Annu. Rev. 

10 Biochem. 60. 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 JAmerican. Med, Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in dose proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded In the HIV 
25 RNA (Sullenger et al.. 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors wtth high affinity and cause the stimulation of specific cellular 
pathways. 



c f 

wo 95/23225 PCT/IB9SA)01S6 



100 

By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al., 1992 Proc. Natl. Acad. ScL USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 
molecules as described above, cells including such vectors* methods for 
producing the desired RNA, and use of the vectors and ceils to produce this 
RNA, 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5* tenninus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5' terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which ^ 8 nucleotides are involved in base-pairing interaction with the 3* 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5* 
temiinus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' tenminus is able to base pair with 
at least 15 bases of the 3' region. 

In most prefen-ed embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule Is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In Other related aspects, the invention features an RNA or DMA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter, or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

in order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA* Both RNA polymerase 11 (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Server & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et aL, 1993 P.N.AS.{\JSA) 90. 6340- 

1 5 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping' functions in all cell types. Therefore, pol III promoters are 
nicely to be expressed in all tissue types. Rnally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random Integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutk: amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol lit System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAii^et gene and 
termed A3-5 (Rq. 33; Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antlsense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 Mol. Celt. 

10 Biol. 10. 6512-6523; Sullenger et al., 1990 C»//63, 601-608; Sullenger et 
al., 1991 J. Virol. 65. 6811-6816; Lee et al.. 1992 The New Biologists. 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

1 5 levels of therapeutic RNA in all treated ceils would represent a significant 
advancement In RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fio. 34V On average, 

20 ribozymes were found to accumulate to less than 1 00 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted stnjctural elements to improve the intracellular stability of the 

25 ribozyme transcripts (£iaJ34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fbkl increase In ribozyme accumulation 
in bulk T cell populations relative to the original AS-S/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-S/HHI version of this vector. 

The 835 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter. 1992 Curr. Opin. Genet. Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner. 1988 BloTeehniques 6. 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to complementary 
nucleotides at ttie 5' tenninus. whteh includes the 5' precursor portion that 
is nomially processed off during tRNA maturation. Without being bound by 
any theoiy. Applicant believes this feature is Important in the level of 
10 expression observed. Thus, those In the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

15 The use of a truncated human tRNAi"i8t gene, temied 63-5 (Fig. 33: 

Adeniyi-Jones et al.. 1984 supra), to drive expression of antisense RNAs. 
and subsequently decoy RNAs (Sullenger et al.. 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNApet sequences. The tmncated tRNA genes were placed 
into the US region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

Base-Palrad Stnir>tiirA^ 

Since the A3-S vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs. applicant 
cloned ribozyme-encoding sequences (termed as "A3-5/HHI") Into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Eg^. To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fig. 34) 
into one of the ribozyme chinwras (^3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop stnjctures into the termini of the transcript. Two 
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such constaicts were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stenvloop structures at both ends of the 
transcript (Roure 34V The second strategy involved modification of the 3' 
terminal sequences such that the S' terminus and the 3' end sequences 
5 can fonn a stable base*paired stem. Two such constmcts were made: S35 
in which the 3* end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAi^^^t domain, yd S35Plu8 which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-S chimeras ffigura 54). These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et aL, 1985 supra) and CEM (Nara 
& Fischinger. 1988 supra) cell lines were established {Curr. Protocols MoL 

1 5 BioL 1992, ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Roures 40-47 . 

Referring to Figure 4B> there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any Icnown A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by an'ows). Eiqur9 49 shows one example of such a stmcture in which a 

25 desired RNA is provided 3* of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 

Example 26: Clonino of A3-5-RlbQ zvme ChlmarA 

Oligonucleotides encoding the S35 insert that overiap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTG i I I M GA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 ilM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCl2. 50 mM NaCI, 0.5 
mM each of the four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at SJ'C for 30 min. The reaction was 
stopped by heating to 70"C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleasas (8a/nHI and MM) to generate ends that were suitable for 
cloning into the A3*5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20'C) for 60 min In a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCl2, 10 mM DTT. 0.066 ^M 
ATP and O.IU/hI T4 DNA Ugase (US Biochemlcals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to STC for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37"C. The cells were plated on LB agar plates and Incubated at 
37"Cfor- 18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were detemiined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemlcals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-S-S35 containing vector 
25 using Sadl and SamHI restriction sites. 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol. 1992. ed. Ausubel et al., Wiley & Sons. NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribo2yme chimeras of appropriate sizes were expressed fFlo. as asv 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs fFioure as .aft) The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned Into the A3-5 vector (not shown). In MT-2 ceil line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. as.asL The S5 constmct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 

levels rFlq. 35.36) . 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Rq. 35.39)> This may be due to increased stability of the S35 transcript. 

Examole 28: Cleav age activity 

To assay whether ribozymes transcribed in the transduced ceils 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

1 5 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity obsen/ed in the S35- 
transduced MT2 RNA wtth that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity con-esponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Ctonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was detennined by generating several clonal cell lines 
from the bulk S35 transduced CEM line {Curr. Protocols Moi Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 38 and 39) 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 11,000 molecules per cell in clone H (Flo, 
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3fi). The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10«fold that seen In bulk cells transduced with the original 
A3-S vector. Therefore, the S3S gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

exsmpigao; Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to detennine 

15 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Desion and constmctlon of TRZ-tRNA Hhin^ftn^ 

A transcription unit, tenmed TRZ, is designed that contains the S3S 
25 motif (RQurg 52)- A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TIRZ-tRNA chimera. 

Referring to Fio. 53-54. a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig, 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned Individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig. 55). Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes. desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Flouras dc\^7 and 50 . 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and delettons) of the above examples can be readily 
10 generated using techniques known In the art. are within the scope of the 
present invention. 

Examole 32; Ribozvme expression in T call lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S3S/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectivelyt expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression In the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metf tRNA 
sequences. Refering to Rgure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha vims vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331. Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
. molecules. 

5 Example 33: Lioated Ribozvmes are eataMieallv aetivo 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569. to cleave target RNA was tested on either 
matched substrate RNA (Bg^ or long (622 nt) RNA fRa.SQ.enanri fii) 

Matched substrate RNAs were chemically synthesized using solid- 

1 0 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Adda Ras 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y-32p] atP and 
polynucleotide kinase fCurr. Protocols Moi. Biol. 1992, ed. Ausubel et al.. 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KM: Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90"C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Trie. HOI pH 7.5 and 10 mM MgCl2. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37»C. Aliquots of 5 \l\ were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Gun-. Protocols Mol. Biol 1992. ed. Ausubel et al.. Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to.£igJ5a, -^G refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 SUfllS)- RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PGR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, G and D) was transcribed 
from this PGR amplified template using T7 RNA polymerase. The transcript 
was Internally labeled during transcription by including [a-32pj CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 . following transcription at 37''C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanot to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4''C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcat/KM) 
conditions (Herschlag and Cech 1990 sujual. Briefly, 1000 nM ribozyme 
and 10 nM intemally labeled target RNA were denatured separately by 
heating to 90®C for 2 min in the presence of 50 mM Tris.HCI. pH 7.5 and 10 
10 mM MgCl2. The RNAs were renatured by cooling to 37*'C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37^C. Aiiquots of 5 ^1 were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammertiead ribozvmes with > 2 base-paired stem II ara 

catgiYtigg^Hv ^Ptivg 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et aL . 1990 supra) . 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as de$cnl>ed in example 33. Referring to figures . 
62. 63 and 64 . data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with ^ 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalytically active hairoin ribogymes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5* and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5* 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAM sequence. When this structure hybridizes to a substrate a 
nbozyme-substrate complex structure Is fonned. While helix 4 is shown' a! 
3 base pairs It may be fomied with only 1 or 2 base pairs. 

40 nM mixtures of llgated ribozymes were Incubated with 1-5 nM 5- 
5 end-^beled matched substrates (chemically synthesized Tso ld phase 
i TriiriT^ ^-'^try) for different times In 50 

The target and the ribozyme sequences shown In Flo. 6P «nH are 
:""»^^^:;."-"-'«"9examp^^^^ Those In the an Sf^^t^ 
other embod-ments can be readily generated using other sequences a^d 
techniques generally known In the art. 

ggn»trM(7t«> of Hnlrnin Rlbo^Ymin 

15 new h'^rJe Tr hairpin ribozyme In which a 

new hel.x (/.e.. a sequence able to fom» a double-stranded region with 

pTwraT^r Of ^"'^ '''''''''' Hbozymrbar 
pair with a 5 region of a separate substrate nucleic acid. This helix is 
pn^ided at the 3' end of the ribozyme after helbc 3 as shown in I 

5 oZ '° ^««^ 2 may be either directly lln Jtol 

5 portion able to hydrogen bond to the 3' end of the halrpin or may have a 
l.n er of at least one base. By trans-cleavlng Is mean, that the rIbCe is 

linked to the nbozyme itself. Thus, the ribozyme Is not able to act on itself 
25 in an Intramolecular cleavage reaction. 

with !CrZT'' " ""''"J ' '^y^'°9en bond(s) 

ttditl! r r"'"'' Watson-Crick or other non. 

traditional types (for example Hoogsteen type) of Interactions. 

30 helix ^hlTsr 1 'T ' ' "'''^^'"^ -'^'^out 

helix 5) has several advantages. These Include Improved stability of the 

nbozyme-target complex in vivo . In addition, an increase in he 
nbozyme. This also makes possible the targeting of potential hairpin 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary stmcture. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et aL, 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation {in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

1 5 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-o) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67>72. HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI- Chemical Modlficatinn 

Qlioonucleotides with S'-C^alkvl Group 

The introduction of an alkyi group at the 5'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chtrality into the sugar 
moiety. Referring to Fig. 7S . the general structures of 5'-C*alkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri s CHa in 2 and 3 in Figure 75). Useful specific D*allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29*32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of S'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA. and also as antisense oligonucleotides. As 
the term is used in this application* 5'*C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core* sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are S'-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5*-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if a 5 -C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability In vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5 -C-alkylnucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an 
alkyi moiety. In a related aspect, the invention also features 5'-C- 
35 alkylnucleotides. and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure forni, as the talose or allose sugar. 

5 Examples of various alkyi groups useful in this invention are shown in 
Figyg 75. where each Ri group is any alkyl. These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chaln. and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 cartwns, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl. cyano, alkoxy, 
=0, =S, NO2 or N(CH3)2, amino, or SH. The terni also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

1 5 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S. NO2, halogen, N(CH3)2, amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chaln, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably It is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbwis. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy. «0, aS, NO2 or N(CH3)2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated n electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy. 
alkyl, alkenyl, alkynyl, and amino groups. An "aJkyiaiyl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Cartjocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur. 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyi 
pyrrolo, pyrimidyl, pyrazlnyl. imidazolyl and the like, alt optionally 
substituted. An •amide" refers to an -C(0)-NH-R. where R is either alkyl. 
aryl. alkylaryl or hydrogen. An 'ester* refers to an -C(0)-OR*. where R is 
either alkyl. aryl. alkylaryl or hydrogen. 

1 0 In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more S'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by fomiing the enzymatic 

15 molecule with at least one nucleotide having at its 5'-position an alkyl 
group. In other related aspects, the invention features 5'-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standani protocols to 
form useful oligonucleotides of this inventton. 

The 5'-C-alkyl derivatives of this Invention provide enhanced stability 
20 to the oligonulceotldes containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodlcartsoxylate. 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. . 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those In the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Raure i shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This Is not to be taken as an indication that the Figure is prior art 
to the pending clahns, or that the art discussed is prtor art to those claims. 
Refening to Fioura i. the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5'-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Roura 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5'-C-alkyl*substltuted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Svnthesis of Hammerhead Ribo^ymes Containin g S'-rXAIlcyi. 
nucleotides & Other ModlBad Nuetefltfri^^ 

The mettiod of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogllvie.K.K.; Jiang.M.-Y,: 

20 Cedergren.R.J. J. Am. Chem. Soc.1987, 109, 7845-7854 and in 
Scaringe,S.A.; Frankiyn.C; Usman,N. Nucleic Acids Res. 1990. 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 26>29 and 56-59). These 5'-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
nbozymes. but also into hairpin, hepatitis delta virus. Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

ExamPte 38: Methvl-2.3-0-lsooroDvlidine-6.Dao«Y. p.D.alloftirann«iHo (4) 

30 A suspension of L-rhamnose (100 g, 0.55 mol), CUSO4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT. 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL). dissolved in pyridine (500 mL) 

35 and cooled to 0 "C. A solution of p-toiuenesufonyichloride (107 g . 0.56 
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mmol) in dry OCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHCOs (2 x 300 mL), brine (2 x 300 
mL], dried over MgS04 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH, The reaction mixture was left for 16 h at 20 *C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methvl-2.3-0-lsoDroDviidine-5-0-f>ButvldiphftnvifiiiyUfi. 
P90XY'B'D-AII(?ftir?n9$id9 (5), 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgNOa 
15 (21.25 g. 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g . 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stin-ed for 4 h at RT. diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 ""C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHCOs (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS04 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-0-f-ButvldtDhenvlstlvt-6>DQQxv-B>D^AIlQfuranQftidfl 
ISl 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF3COOH:dioxane:H20 / 2:1:1 (vA^/v. 200 mL) and stln-ed at 24 *C for 45 
m. The reaction mixture was cooled to -10 ^C, neutralized with cone. 
NH4OH (140 mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHCOa (2 x 75 mL). brine (2 x 75 mL). 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH2CI2. Yield 
9.0 g (76%). 
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Example 41 : Methvl-2.3.di~Q-BenzQvl.5.0.f.Butvldiphanwlsilyl. g.Deoxv.p. 
D-Allofuranoside m. 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporatad with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 1 6 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHCOa (2 x 75 mL), brine (2 x 75 mL) dried over MgS04 
and evaporated to dryness. The product was purified by fiash 
1 0 chromatography In CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-0•Acetv^-2■^-di-0■ben 20vl•5-0■^Butv^diDhanyl«ilyl.fi. 
Deoxv.8.0.AnQfufanosa (AV 

Dibenzoate 7 (4.7 g. 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL). AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled O'C. 98% HaSOA (0.15 mL) was then added. The reaction mixture 
was kept at 0 "C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHCOa and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgSO*, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: 1»(2'.3'-di.O-Benzovl.S'-Q.t.ButvldlnhA nvlsiM.e'.nflnyy.p-r^ 
AllofuranQSvhuraeil t9V 

Uracil (1.44 g, 11.5 mmol) was suspended In mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g. 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CFaSOaSiMea (2.8 g, 12.6 mmol). The reaction mixture was itept at 24 
"C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted wtth sat. NaHCOa (2 x 50 mL), brine (2 x 50 mL) 
dried over MgSO^. and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 
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Example 44: /Vl-Benzovl-1-f2'.3'-Di-0-Ban20vl. 5'-Q.f.RiitylriiphQnvlsilyl.R-. 
DeQXV.B.p.AllftftirannfivnCvtQSine MO^. 

A^*-b8nzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisllazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g. 5.6 mmol) in dry CH3CN (100 mL). followed 
by CFaSOaSIMea (4.76 g. 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h. cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCOa (2 x so mL), 
brine (2 x 50 mL) dried over MgS04and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0^% MeOH In 
CHgCIa yielded 1.8 g (55%) of compound 10. 

15 Example 45: /V6.Ben20vl-9-f2'.3'-di.Q.Ban?Q v|.S'.O.fcRiitviH.Dh6nvisilvt.fi'. 
DeQXV.B.D.AIlQfiirann svhadenine M 1\ 

A/e-benzoyladenine (2.86 g, 11.86 mmol) was suspended In mixture 
of hexamethyldisllazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with diy toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g. 5.6 mmol) in dry CH3CN (100- mL) followed 
by CFaSOaSiMea (6.59 g. 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat NaHCOa (2 x 50 mL). 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 11 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 2.7 g (60%). 

Exampl946: ^^•ISQbUtvrvl-9-(2'.3'-di.O-Ban20vUfi'.n.f. Butvldinhpny|j ^i |y |. 
30 6'-Deoxv-B-D-AllofuranQsvh9i janine M 2V 

/V2-lsobutyrylguanlne (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisllazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (100 mL) followed 
by CFaSOaSiMea (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of Its original volume, 
diluted with CHaCIa (100 mL) and extracted wflh sat. NaHCOa (2 x 50 mL). 
5 brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CHaCts. Yield: 2.1g (54%). 

Example47: Afi.BflnzQvl.9.rg'.3'.riUr>.ben2ovl.R'.nftn w-B.D.AIlQfurann. 

SYDadenlne (IS). 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 tA solution of TBAF In THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH In CH2CI2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: A^Benzovl-9-r2'.3'.di.o.Ben7ovi.5'.Q.nimftthnvYtntYt-ff'- 
Deoxv-B-D-Allofuranosvn-adenina ri m 

Nucleoside 15 (0.55 g, 0.92 mmoO was dissolved in dry CH2CI2 (50 
mL). AgNOa (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collldlne (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH2CI2 (1 00 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 yielded 0.8 g 
(97%) of compound 19. 

Example 49; AfrBen20V|.9-f-S'-O.DImethoyvtritvl^'.DaQ„Y.fUn. ^ ||T^ 
25 furanosvltedanlnfl /29V 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 for 45 m, neutralized with Dowex 50 (Pyi+ fomi). filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: Afi>Benzovl^9^f>5^0>D^mQthoxvtritvl>2^Q■^b^tvld^methylsil^^^ 
6'-DQQXV>B>D-AllQfuranosvnadQninQ (27). 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgNOa (0.4 g, 2.3 mmol) were added. After 
5 the AgNOa dissolved (1.5 h)» f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stin-ed at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL). filtered into sat. 
NaHCOa (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanesiEtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Examole 51: /\g^BenzovU9>f>5'-0-DimethQxvtritvU2'- 0>^butvldimethylsilyU 
6^Deoxv>B-D-AllQfuranosvl^adenine-3^r2-CvanQQthvl A/ A^dilsopropyU 
PhO?Ph<?raniMlt9) (31), 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: MethvU5>0-D-NitrQbenzovi>2.3-0-lsQDrQDvlidi ne-6-deQxy-p-L- 

TallofwranosMg (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphcsphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHCOa (2 x 75 mL), 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and siiylatlon (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58*61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the O-allo-tsomers 29-32. 

The alkyi substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al.. PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site 0 were 
synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37X in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted 5 -C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10. C11.1 and C1 1.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However. demonstrated low catalytic activity. Ribozymes HH-OI, 

2, 3, 4 and S are also extremely resistant to degradation by human 
serum nucleases. 

15 Oliaonudeotides with g'-Dgoxv-g^AlkylnuelAntj^lfl 

This invention uses 2'-deoxy-2'-allcylnucleotides in oligonucleotides, 
which are particulariy useful for enzymatic cleavagd of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application. 2'-deoxy-2*-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularty If that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intemnediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'> 
alkylnucleotides, that is a nucleotide base having at the 2'-positlon on the 
sugar molecule an alkyi moiety and in prefen'ed embodiments features 
those where the nucleotide is not uridine or thymidine. That is. the 
IS invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed atiove. 

Examples of various alkyI groups useful In this invention are shown in 
Figure 81. where each R group is any alkyl. The term "alkyi* does not 
20 include alkoxy groups which have an "-O-alkyl" group, where 'alkyr is 
defined as described above, where the O is adjacent the 2'-positlon of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2*-alkylnucleotides 

25 (preferably not a 2*-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-alkylnucleotide: and a method for producing ar 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 

30 related aspects, the invention features 2'-deoxy-2'.alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonuiceotldes containing them. While they may also reduce 
35 absolute activity In an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, ttie invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5. 6. 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms If desired. (The temi 
"core' refers to positions between bases 3 and 14 in Rgure 80, and the 
binding amis correspond to the bases from the 3'-end to base 15.1, and 
1 0 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
detennined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammertiead ribozyme 

20 in a 5- to 3'-dlrection of the catalytic core is CUGANGAG[base paired 
withJCGAAA. In this invention, the use of 2'-Oalkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2*-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et aL Biochemistry ^992. 31. 
5005-5009 and Paolella etal. , EMBO J. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Rgure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2*-modified ribozymes 
showed very large and significant increases in stability in human seaim 

35 (shown) and in the other fluids described below (Example 55. data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2*substitutions on stability and 
activity, a ratio B was calculated (Table 45). This 3 value indicated that all 
modified ribozymes tested had significant, >100 • >1700 fold, increases in 
5 overall stability and activity. These increases in B indicate that the lifetime 
of these modified ribozymes in vivo are significantly Increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the Z^modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10*fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-dlkyl phosphoramidites, 
where X is CH3, or an allcyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-C-allcyl substituted phosphoramidites, the syntheses 
of the amtdites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribo zvmes Containing 2^Deoxy. 
2'>Alkvlnucleotides & Other 2'-MQdified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; 
Cedergren.R.J. J. Am. Chem. Soc. 1987, 109. 7845-7854 and in 
Scaringe,S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5'-end. and phosphoramidites at the 
3'-end (compounds 10, 12, 17. 22. 31, 18, 26. 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et ai International Publication No. WO 92/07065; and 5 Kois et al. 
Nucleosides & Nucleotides ^99Z. 12, 1093-1109. The average stepwise 

30 coupling yields were «98%. The 2'*substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus. Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
stniciure. 

Example 54: RiboTvme Activity Assay 

Purified 5*-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (-36-mers) were both heated to 95 *C, quenched 
on ice and equilibrated at 37 **C, separately. Riboryme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL. The 
assay buffer was 50 mM Tris-CIt pH 7.5 and 10 mM MgCla. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t s o. Aliquots of 5 
mL were removed at time points of 1 , 5, 15, 30, 60 and 120 m. Each time 
point was quenched in fonnamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
perfonmed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stabllitv Assay 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15. 30. 45. 60. 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% fonnamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size*fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme v$ the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3\5'-0>rretraisoDrQDvUdisllQxan^i a> divh,g',o,Phftnr^^ tl!ff- 
carbonvl-Uridine (7\ 

To a stirred solution of 3\5*-0-(tetraisopropyl-disiloxane-1.3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitriie was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexane$ / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chlorofonn, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAcihexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: 3\ff>0-nretraisoDrQDvMislloxanQ>1.3-divlV 2^(^AIIvl ^Uridine 

m 

To a refluxing, under argon, solution of 3\5*-0-(tetraisopropyl- 
disiloxane*1,3-diyl)-2*-0-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1 :3 as eluent. Yield 2.82 g (68.7%). 

Example Sfl: 5'-0>Dimethoxvtritvl-2'-C>AIM-Uridine m\ 

20 A solution of 8 (1.25 g. 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chlorofomi, and the desired deprotected compound was eluted with 

25 chlorofonm:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicari^onate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes/ 1:1 as eluent. to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: 5'-0-DimethQXVtrttvl.2'.C.AIM.Uridine 3'./9 .CvanQethvl A/ Afc 
diisooropvlphosahoramidita^ fim 

5'-O.DImethoxytrity|.2'-C-allyl-urldlne (0.64 g. 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. ^./V'-Oilsopropylethyl- 
S amine (0.39 mL. 2.24 mmol) was added and the solution was ice^ooled. 
2-Cyanoethyl A/./V-dilsopropylchlorophosphoramldite (0.35 mL. 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL ol dry methanol. After stirring for 5 m, the mixture 
10 was concentrated in vacuo (40 "C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent Yield: 0.78 g (90%). white foam. 

Example 60: 3'.5'-0-rretraisooroovl.disilQxanft.i .3.diyn.y.f7,^|fY|.<y4- 
Aeetvl-CvtidinA Ml) 

1 5 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1.2,4-triazole (5.66 g. 81.99 mmol) and phosphorous 
oxychloride (0.86 mL. 9.11 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3'.5'-0-(tetraisopropyl-dlsiloxane- 
1.3-diyl)-2'-C-allyl uridine (2.32 g. 4.55 mmol) in 30 mL of acetonftrile was 

20 added dropwise and the reaction mixture was stinred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chlorofonn and washed with 
water, saturated aq. sodium bicartjonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1 ,4^ioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroform:melhanol / 
9:1) showed complete conversion of the starting material. The soluUon was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) In pyridine 

30 ovemight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH In 
chlorofonn). Yield 2.3 g (90%) as a white foam. 
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gyamptfl filr g^n.DimQthQXvtritv»>2^C-Alivl-Afi>Aeetvl>CvtldinQ 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

5 Cyanoflthvl A/ A^diisoproovlphosphoramidite^ M2\ 

2*-0-Dimethoxytrityl-2'-C-allyl-/V^-acetyl cytldine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. /V,/V-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl yV,A/<liisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 "C) and purified by flash 
chromatography on silica gel using chloroform:6thanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent Yield: 0.91 g (85%), white foam. 

Example 63: 2'>DeQxy^2^MethvlQnQ-Uridinfl 

2'-Deoxy-2'-methylene-3\5'-0-(tetralsopropyldisiloxane-1.3-diyl)- 
uridine 14 (Hansske.F.; Madej,D.; Robins,M. J. Tetrahedron 1984. 40, 125 
and Matsuda.A.; Takenuki.K.; Tanaka.S.; SasakiJ.; Ueda.T. J. Med. Chem. 
20 1991, 34. 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated . /n vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH2CI2. 

25 example 64: 5'>0>DMT-2'-DeQxv>2'-Methvle ne>Uridin6 /15\ 

2'-Deoxy*2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stinted at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken, up in CHzClz (100 mL) and 
washed with sat. NaHCOa, water and brine. The organic extracts were 
dried over MgS04. concentrated in vacuo and purified over a silica gel 
column using EtOAcrhexanes as eluant to yield 15 (0.43 g, 0.79 mmol. 
22%). 
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ExamPte 65: 5'-0-DMT-2'-D90XV-?'-Mmhvlsne.UridinA 3'.f2.CvanQathyl 
A/. AMHsoDroovlphosohoramiditfl^ (1 7) 

1-(2'-Deoxy-2'-methylene-5'-0-dimethoxytrityl-p.D-ribofuranosyl)- 
uradl (0.43 g, 0.8 mmol) dissolved In dry CH2CI2 (15 mL) was placed In a 
5 round-bottom flask under Ar. Dlisopropyiethylamine (0.28 mL. 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl N.N-dWso- 
propylchlorophosphoramidite (0.25 mL. 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mbctura evaporated to a synjp in vacuo (40 'C). The product (0.3 g, 0.4 
10 mmol. 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes. containing 1% triethylamine. 
aseluant. Ri 0.42 (CH2CI2: MeOH/ 15:1) 

Example 66: 2'-D60XV-2'.DifluQrflmAthy|an6.a' S'.O.n- QtraisQpropyMicit ^^. 
ane-1.3^ivM.UridinB 

1 5 2'-Keto-3*.5'-0-(tetralsopropyldlsiloxane-1 ,3-diyl)uridine 1 4 (1 .92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 "C. A warm (60 
*C) solution of sodium chlorodlfluoroacetate In diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stinred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-2'-difluoromethylene.3'.5'-0-(tetraisopropyldisiloxane-1,3-dlyl)- 
uridine (3.1 g. 5.9 mmol. 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-DftOXV.2'.Difluommflt hvlanfl.Uririin« 

25 2'-Deoxy-2'-methylene-3',5'-0.(tetraisopropyldisiloxane-1 .3^lyl)- 

uridine (3.1 g. 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
2'-Deoxy-2'.difluoromethylene-uridlne (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH2CI2. 

Example 68; 5'-O0MT-P'-DeQXV.2'-Dlfliiofnmathvl»nA.ii,jT^jnfl f^fti 

2'-Deoxy-2'-difluoromethylene-urldine (1.1 g. 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g. 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was Stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCOa. water and brine. The 
organic extracts were dried over MgS04. concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAcrhexanes as eluant to 
yield 5'-0-DMT-2'-deoxy-2*-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: 5'-0-DMT>2'-Deoxv-2'-DifluQromQthvle ne>Uridina 3'>(^> 
Cvanoethvl A/.A^dlisooroDvlDhosphoramidite) fia) 

1 0 1 -{2'-Deoxy-2*-dif luoromethylene-5'-CWimethoxytrityl-p-D-ribofurano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2*cyanoethyl A/,A/-dliso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a symp in vacuo (40 'C). The product (0.404 g, 0,52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% ElOAc gradient in hexanes, containing 1% triethylamine. as eluant. Rf 
0.48 (CH2CI2: MeOH/ 15:1). 

20 Example 70; 2'-Deoxv>2'-Methvlene>3\5^0-fTetralsQnrQnx/lrik iiQxane-l a> 
divlM-A/-Acetvl-Cytidine gQ 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL. 6.8 mmol) and 1 .2.4-tria2ole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 ""C. A solution of 2'-deoxy-2'-methylene-3'.5'-0-(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 X 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stin^d at RT for 4 h and quenched with sat. 
NaHCOa (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2CI2 (2 X 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2'*0eo)cy-2'-methylene-3\5'-O- 
(tetraisopropyldisiloxane-1,3-diyl)-4-/V-acetyl*cytldine 20 (1.3 g, 2,5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: W2'-Deoxv-2'-Methvlene-5'>0-DimQthoxY tritvUB-D>ribQ> 
furanosvn-4>A/*AcQtvKCvtQslne 21 

2'-Deoxy-2•-methylene•3^5•0•(tetraisopropyldisiloxane-1.3•diyl)-4-A/- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2'-Deoxy-2'-methylene-4-/V-acetyl-cytldine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved In pyridine (10 mL) and a 
solution of DMT-CI (0.81 g. 2.4 mmol) in pyridine (10 mL) was added 

1 5 dropwise over 15 m. The resulting mixture was stinred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS04, concentrated in vacuo and 

20 purified over a silica gel column using EtOAcrhexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1 .5 mmol, 75%). 

Example 72: 1-(2'-Deoxv>2'>Methvlene>5'-0-Dim 6thoxvtrih/UR.D.ribn- 
furanosvlM^/y^AcetvUCvtosinQ 3'W2>CvanQQthvl-A/.AAdiisQQrQp v|phQsohQr> 

mm9) (22) 

25 1-(2'-Deoxy-2'-methylene-5'-Odimethoxytrityl-p-D-ribofuranosyl)-4-/V- 
acetyl-cytosine 21 (0.88 g. 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropytethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
A/,/V-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup In vacuo (40 ''C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethyiamine. as eluant. Rf 0.36 (CH2Cl2:MeOH / 20:1). 
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Example 73: 2'>DQoxv-2'Oifluoromethvlene-3\5'>OrTetraisoDroDvl 
disilQxane^l .3>dlyh>4>A/-AcetvNCvtidin9 (24^ 

EtaN (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1,2,4-triazole (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 ^C. 
5 A solution of 2'-deoxy-2*-difluoromethylene-3\5 -0-(tetraisopropyldisilox- 
ane-1,3-dlyi)uridlne 23 ([described In example 14] 2.6 g. 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mbcture was concentrated in vacuo, dissolved 
in CH2CI2 (2 X 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 

10 organic extracts were dried over NaaSOA concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stin-ed for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stin-ed at RT for 4 h and quenched with sat. 

15 NaHCOs (5mL). Hie mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 X 100 mL) and washed with 5% NaHCOs (1 x 100 mL). The 
organic extracts were dried over NaaSOA, concentrated in vacuo and the 
residue chromatographed over silica gel. 2'-Deoxy-2'-difluoromethylene- 
3\5'-0(tetraisopropyldisiloxane-l,3-diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Examole 74: 1 >f 2'-Deoxv>y-Difluoromethvlene-5'-0-DimQthQ xvtrityUp-D> 

PbQfurano?y!)-4-Af>Ac9tYl'Cytos!n9 (25) 

2'-Deoxy-2'-difluoromethylene-3\5*-0-(tetraisopropyldisiloxane-1,3- 
diyl)-4-A/-acetyl-cytidine 24 (2*2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-difIuoromethylene-4-N*acetyl*cytidin6 (0.89 
g. 2.8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'- 
difluoromethylene*4-yV-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mnrK>l) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stinted 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOa (50 mL), water (50 mL) and brine 

35 (SO mL). The organic extracts were dried over MgS04, concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eiuant to yield 2S (1 .2 g. 1 .9 mmol. 68%). 

Example 75: 1.f2'-DflOXV.2'.DIflUQrQmflthyianfl. S'.Q.Dimfithft^ ntYl-| VfV 
ribofuranosvn-4-/V.Acetvlcvtosina 3W2^anoathyl -N.N^iisnnmpyi p>^«f. 
5 ohoramidite^ f26^ 

1-(2'-Deoxy-2*-difluoromethylene-5'-OKlimethoxytrityi'p-o-ribofurano- 
syl)-4-/V-acetylcytoslne 25 (0.6 g, 0.97 mmol) dissolved in dry CHaCIa (10 
mL) was placed in a round*bottom flask under Ar. Oiisopropylethylamine 
(0.5 mL. 2.9 mmol) was added, followed by the dropwise addition of 2* 

10 cyanoethyl A/./V-diisopropylchlorophosphoramidlte (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 "C). The 
product 26, a white foam (0.52 g. 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient In hexanes, 

1 5 containing 1 % triethylamine, as eiuant. R( 0.48 (CH2Cl2:MeOH / 20: 1 ). 

Example 76: 2'-Keto-3'.5'-0.rretraifiopropvldisiloYa nQ-1 ■3^ivh.fi.M.(^fc 
ButvlbanzovlUAdfinofiinft (9a) 

Acetic anhydride (4.6 mL) was added to a solution of 3'.5'-0^(tetraiso- 
propyldisiioxane-1,3-diyl)-6-/V-(4-f-butylben2oyl).adenosine (Brown, J.; 

20 Christodolou, C; Jones,S.; Modal<,A.: Reese.C; Sibanda,S.: Ubasawa A. 
J. Cham .Soc. Parkin Trans. / 1 989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stlned at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 

yield 2'-keto-3',5'-0-(tetraisopropyldlsiloxane-1,3-diyl)-6-A/-(4-f-butyiben- 
2oyl)-adenosine 28 (4.8 g. 7.2 mmol, 78%). 

Example 77: 2'-D9QXV-2'-methvlene-3'.5'.O.rratraifin prQPvtdisiloyanft.^ ^ ■ 
divh.6./V.r4.f.Buh/lbanzQvl^.AdBnoslna fgfl) 

30 Under a pressure of argon, sec-butyillthium in hexanes (1 1,2 mL, 14.6 

mmol) was added to a suspension of triphenylmethyiphosphonlum iodide 
(7.07 g.17.5 mmol) in THF (25 mL) cooled at -78 "C. The homogeneous 
orange solution was allowed to warm to -30 'C and a solution of 2'-keto- 
3'.5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V.(4.f-butylben2oyl)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2Ct2 (250 mL). water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed mth H2O (20 mL), 5% aqueous NaHCOa 
(20 mL)» H2O to neutrality, and brine (10 mL). After drying (Na2S04)> the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether EtOAc / 7:3 afforded pure 2'-deoxy-2*-methylene-3\5*-0-(tetraiso- 
10 propyidisiloxane-1,3-diyl)•6•/V-(4-^butylbenzoyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). 

Example 78: 2'^DQQxy-y-M6thytene-6>A^(4-NButvlben2ovlVAdenQsinQ 

2'-Deoxy-2'-methylene-3\5*-0-(tetraisopropyidisiloxane-1,3*diyl)-6-Af- 
(4-f-butylbenzoyl)-adenosine (3.86 g. 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2*-Deoxy-2'-methylene-6-A/-(4-f- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH2CI2. 

20 Example 79: y> t>DMT-2'>DeQXV>2'-Methvlene^6-W-(4>^Butvlben7QyiU 

2*-Deoxy-2'-methylene-6-A/-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL) was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOa, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAcihexanes as an eluant to yield 29 (0.81 g, 1.1 mmol. 62%). 

gyampla 80: 5^0.DMT-y-DflQxv>2'-Mflthvtene^A>-f4.^Butvlben2Qyn> 
Adanpsine ff-ffi-Cvanoethvl A/.A^diisoprQPvlphosphQramlditQl 

1-(2'-Deoxy-2'-methylene-5*-0-dimethoxytrityl-P-D-ribofuranosyl)-6-A^- 
(4-f-butylbenzoyl)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N' 
dilsopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 »C). The product was purified by flash 
chromatography over silica gel using 30-50% ElOAc gradient In hexanes, 
containing 1% triethylamine. as eluant (0.7 g, 0.76 mmol, 68%). R, 0.45 
(CHzCls-MeOH 720:1) 

Sxampig 81 ; 2''Dfloxv-2'~Difluoromflthvian6.avs'.nL rretr«L.>»pr^ PYl^|cf||^^- 

10 ane-1.3.divn.6.A/.M./.BiJtvlhp nzovlVAdenQfiinA 

2'-Keto-3'.S'-0-(tetraisopropyldislloxane-1,3-diyl).6-W.(4-/-buty|. 
benzoyO-adenosine 28 (6.7 g. 10 mmol) and triphenylphosphine (2.9 g. 11 
mmol ) were dissolved in diglyme (20 mL). and heated to a bath 
temperature of 160 'C. A warm (60 -C) solution of sodium 
15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stinwJ for 2 h and concentrated in vaouo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 

Deoxy.2'-difluoromethylene-3'.5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V- 
20 (4-f.butylbenzoyl).adenosine (4,1 g. 6.4 mmol. 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: 2'»ne0XV-2'.DifluQrQm«thvlanflAA<./^ .f.Butvlbftn>nY|) . 
Adenosine 

2'.Deoxy-2'-difluoromethylene-3',5'-0-(tetralsopropyldisiloxane.1.3- 
25 diyl)-6-A^(4-f.butylben2oyl)-adenosine (4.1 g. 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica get column. 2'-Deoxy-2'-difluoromethy|. 
ene.6./V.(4.^butylben2oyO•adenoslne (2.3 g. 4.9 mmol. 77%) was eluted 
30 with 20% MeOH in CHaCla. 

Example 83; 5'-0-nMT-2'-Deoxv-2'-DifltinmmBthyli^ ne.6.Afcrd.fcR..^ |. 
benzovt^-Adanaaina fgff) 

2'-Deoxy-2'-difluoromethylene-6-/V<4-f-butylben2oyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of Oiy^T^l in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCOs, water and brine, the 
5 organic extracts were dried over MgS04. concentrated in vacuo and 
purified over a silica gel column using 50% EtOAchexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol. 69%). 

Example 84: S'■0-DMT■2•.Daoxy.g^.Dilluoremathyte ^e-6•/V.f4.^Butvl. 
benZQVft-Adenosine 3V2-Cvan0flthvl A/./yMHsoorftnyl phosohoramMltfl^ 

10 (22) 

1-(2'-Deoxy-2'-difluoromethylene-5*-OKllmethoxytrityl-p-o-rlbofurano- 
syl)-6-/V-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropyiethylamine (1.2 mL. 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl /V,/V-diisopropylchlorophosphoramidite 
(1 .06 mL, 4,76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 ^C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85: 2'»Deoxv-2'-Methoxvearbonvlmathvli dina-3'.5'.Q.n-fttrakn. 
proovldislloxana.1 a^lv»-UridIne ^33^ 

Methyl(triphenylphosphoranylidlne)acetate (5.4 g, 16 mmol) was 
25 added to a solution of 2'-keto-3'.5'-0-(tetraisopropyl disiloxane-1 ,3-diyi)- 
uridbie 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL). and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H2O (20 mL), 5% aq. NaHCOa (20 mL), H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04). the solvent was evaporated /h v^acuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution wiUi light petroleum ether.EtOAe / 7:3 afforded pure 2'-deoxy2'- 
methoxycarbonylmethylidine-3',5'-OKtetraisopropyldisiloxane-1,3<liyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2'.DflQXV-2'«Methoxvcarbonvtm6thvlid8 n9.Uridinfl /34^ 

Et3N<3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 

carboxylniethylldine-3',5'-0-(tetral8opropyldisHoxane-1.3-dlyl)-uridine 33 
(5 g. 9.3 mmol) dissolved In CH2CI2 (20 mL) and EtaN (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 I1 and chromatographed 
on a silica gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THF:CH2Cl2 / 4:1. 

Example 87: 5'>Q-DMT-2'-Deoxv.2'.Methoyvearhftn y|methvlidinft.Hrirjj po 

10 2'-Deoxy-2'-methoxycarbonylmethylidlne-uridlne 34 (1.2 g, 4.02 
mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue talten 

15 up in CH2CI2 (100 mL) and washed with sat. NaHCOa, water and brine. 
The organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 

to yield 5'-0-DMT-2'-deoxy-2'-methoxycarbonylmethylidine-ur|dine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: 5'-0-DMT-2'-Deoxv.g'-MBth oxvcarbonylm^thvlidinft.l Jririjgq 
3'-f2-CVanoethvl./V.AMIl8oaropvtph«^horaniidlta^ (aft) 

1-(2'-Deoxy-2*-2'-methoxycarbonylmethylldine-5'-0-dimethoxytrity|.p- 
D.ribofuranosyl)-uridlne 35 (2.0 g. 3.4 mmoQ dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Oiisopropylethylamine 

25 (1.2 mL. 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,A^dilsopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 ^C). 
5'-0-DMT-2'-deoxy.2'-methoxycarbonylmethylidlne-uridine 3'.(2- 

30 cyanoethyl-A/,A/-dlisopropylphosphoramidite) 36 (1.8 g. 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient In hexanes. containing 1% triethylamine. as eluant. Rf 
0.44 (CH2Cl2:MeOH / 9.5:0.5). 
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Example 89: 2'>DeQXV>2'-CarboxvmethvlidinQ-3'.5'>0-(TetraisoDroDyldU 
siloxane-l.a^iyn-Uridine 37 

2*-Deoxy-2'-methoxycarbonylmethylidine-3*,5-0-(tetraisopropyldi- 
siloxane-1,3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stin-ed solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with IN HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS04 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidlne-3\5'-0-(tetraisopropyldisiioxane*1 .3*diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CHsCI^ 

The alkyl substituted nucleotides of this invention can be used to fonm 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides Is by standard procedure. See 
Sullivan et al PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5' Dihalophosphonate 

20 This invention synthesis and uses 3' and/or 5* dihalophosphonate-, 

e.g.. 3* or 5 -GF2-phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al., PCT/US94/11649, incorporated by reference herein), and 
chimeras, of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramoleculariy if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3'* 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-dl^O-B2-D-ribofuranose 5-d- 
S-i-dlhalomethylphosphonate in three steps from 1-0-methyl*2.3-0* 
isopropylidene«0-D*ribofuranose 5-deoxy*5<lihalomethyiphosphonate is 
described (e.g., for the difluoro. in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside 5*-deoxy-5'-dihalomethylphosphonates. These intermediates 
may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside 5*-deoxy*5'- 
dihalomethylphosphonates Into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Rgure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5"-dlhalomethylphosphonates Into their 
triphosphates, e.g., 14 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5* and/or 3*- 
dihalonucleotides and nucleic acids containing such 5' and/or 3'- 
dihalonucleotides. The general structure of such molecules is shown 
below. 



^ 

^^2 Ri CX2 Ri CX2 R 

0 (R3D)2P = 0 (R30)2P = 0 



where is H, OH. or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate: each R2 is separately H, OH, or R; each R3 is 
separately a phosphate protecting group, e.g.. methyl, ethyl, cyanoethyl. p- 
nitrophenyl, or chiorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention In particular features nucleic acid molecules having 
such modified nucleotides and enzyr.atic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5*-deoxy*5'- 
dihalo and/or 3'-deoxy-3*-dihalophosphonates by condensing a 
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dihalophosphonate*containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-S'-dihalophosphonate 
and/or a 3 -deoxy-S'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77. 
349-367). Blackburn and Kent (J. Chem. Soc., Perkin Trans. 1986. 913- 
917) indicate that based on electronic and stertc considerations .-fluoro 
and ^..-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

10 triphosphates 1. where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackbum et al.. Nucleosides & Nucleotides 1985. 4. 165-167; 
Blackburn et a/.. Chem. Scr. 1986. 26. 21-24). 9-(5,5-Oifluoro-S- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

1 5 analogue inhibitor of purine nucleoside phosphoryiase (Halazy et al., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5*-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5*-oxygen (Breaker ef a/.. Biochemistry ^1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et al. {Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a ONA octamer double helix. 
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OH OH 



1 



(HO)fiPce2''^'''^^^ **** 
2 



(ETO)2POCF2LI 
3 

One common synthetic approach to o.o-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi etal.. 
5 Tetrahedron Lett. 1982. 23. 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucleosides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3. according to the procedure of Martin et al. (Martin etal 
10 Tetrahedron Lett. 1992. 33. 1839-1842). led to a complex mixture of 
products. Recently, the synthesis of sugar a,o-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowltz etal., J. Org. 
Chem. 1993, 58. 6174-6176). Unfortunately, our experience' Is that 
nucleoside 5 -triflates are too unstable to be used in these syntheses. 

15 The following are non-llmitlng examples showing the synthesis of 
nucleoside 5'-deoxy-5'-drfluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that It Is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
S described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCTAJS94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nl ueleoside 5'.DAnvy.g- 
difluoromethvlDhosphnn^^tgS 

Referring to Fig. 87. we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin &t al.. 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 Intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-0-isopropylidene-p-D-ribofuranose a.a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. {Tetrahedron Lett 1992, 33, 

20 1839-1842) (Figure 87). Removal of the Isopropylidene group was 
accomplished under mild conditions (l2*MeOH, reflux. 18 h (Szarek etaJ., 
Tetrahedron Lett. 1986. 27. 3827) or Dowex 50 WX8 (H+), MeOH, RT 
(about 20.25»C). 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyI derivative, which was subjected to mild acetolysis conditions 
(Walczak etal.. Synthesis, 1993. 790-792) (AcgO. AcOH, H2SO4, EtOAc. 
0»C. The desired 1-0-acetyl-2.3-dl-0-benzoyl-0-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N*-acetylcytosine under Vortjruggen conditions 
(VorbrOggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26. Plenum Press, New Yori<, London, 
1980: pp. 35-69. The use of F3CS020SI(CH3)3 as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et al., Tetrahedron 
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Lett 1987, 28. 3623-3626 and references cited therein) (SnCi4 as a 
catalyst, boiling acetonitrile) to yield |3-nucleo$id6s (62% 6a, 75% 6b). 
Glycosylation of silylated N^-benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside 5'-deoxy-5'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HCO3*) column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 3*lp-NMR (^^P) and ''h-NMR (^H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDGI3 unless otherwise noted. 5: '•h 

1 5 5 8.07-7.28 (m, Bz). 6.66 (d, 2 4-5, aHI), 6.42 (s, PHI). 5.74 (d, ^2,3 ^-^^ 
pH2), 5.67 (dd, J3^2 ^-S* ^3.4 6.6, PH3), 5.63 (dd, J3 g 6.7. J3 4 3.6. aH3). 
5.57 (dd. J2,i 4.5. J2,3 6.7. aH2). 4.91 (m. H4). 4.30 (m. C/^^CH3). 2.64 (m. 
CH2CF2), 2.18 (s. pAc). 2.12 (s, oAc), 1.39 (m. CH2CH3). 31 P 5 7.82 (t. 
Jp J 105.2). 7.67 (t. Jp^p 106.5). 6a: 6 9.11 (s. 1H. NH). 8.01 (m. 11H. 

20 Bz. H6). 5.94 (d. Jv,2* 4.1. 1H. HI"). 5.83 (dd, J5 g 8.1, IN. H5), 5.79 (dd. 
J2\r ^-l* ^2\y 6.5. 1H, H2'), 5.71 (dd. J3.^2' 6.5.' J3. 4. 6.4. 1H. H3'). 4.79 
(dd. J4. 3. 6.4. J4. p 11.6. 1H, H4'). 4.31 (m. 4H, CH2CH3). 2.75 (tq. Jh.f 
19.6. 2H, CH2CF2). 1.40 (m. 6H. CH2CH3). 31p 5 7,77 (t. Jp^p 104.0). 8c: 
31 P (v» DSS) (D2O) 5 5.71 (t. Jp^p 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed X^ax (^2^) 271 nm and 233 nm. confimiing that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Contatninff Modified MuciAfttirii. 

Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 
synthesis as described in Usman ef a/., J. Am. Chem. Soc. 1987. 109, 
7845-7854 and in Scaringe ef a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5 -end. and phosphoramidites at the 3*-end 

35 (Figure 88 and Janda et at.. Science 1989 , 244:437-440.). These 
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nucleoside 5*-deoxy-5**difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
vims, Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 ExamolQ 92: Synthesis of Modified Trinhosphata 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fig. 89 . according to known procedures. Nucleic Acid Chem., 
Leroy B. Townsend, John Wiley & Sons, New Yoric 1991, pp. 337-340; 
Nucleotide Analogs, Kari Heinz Scheit; John Wiley & Sons New Yort( 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Fi gures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
1 5 advantageous as modified nucleotides in any nucleic acid stnjcture. e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptide Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2*-peptido moiety. In other embodiments, the 3' and 5* 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptide moieties. Generally, such 
a nucleotide has the general structure shown in Fomnula I below: 
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EQBbdUlAl 

The base (B) is any one of the standard bases or is a modified 
nucleotide base knovm to those in the art. or can be a hydrogen group. In 
5 addition, either Ri or Rg is H or an ailcyl, aOcene or alicyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, a^, R3NR4 where each R3 and R4 independentiy is 
hydrogen or an all«yl, aikene or ailcyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Lfl« an amide), an all(yl group, or 
1 0 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag iines represent hydrogen, or a bond to another base or 
other chemicai moiety loiown In the art. Preferably, one of Ri , R2 and R3 Is 
an H, and the ottier Is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex stnjctural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide addftional hydrogen 
bonding with other hydrogen donors, acceptors and metal Ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2* position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2'-amldo or peptide group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex stmctural formatton of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing Interactions. Such interference will 
allow the fomiation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is. randomly 
5 generated oligonucleotides which can be folded into an effective Itgand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3* or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the 2*-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O* may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
1 5 Sproat, supra). 

Example 93: General procedure for the preparation of 2'-a minQacyl>2'> 
daoxv>2'>aminonucleos!de coniuaates. 

Refemng to Fig> 92 . to the solution of 2*-deoxy-2 -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylfomiamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1 ,2*dihydroqu!noline (EEDQ) [or 1- 
isobutyloxycart)onyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stin^ at room temperature or up to 50 
*C from 3-48 houns. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are conftmied by "^H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their S'-O-dimethoxytrityl derivatives and into 3 *phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites Into RNA was performed using standard protocols 
(Usman etal., ^BS7 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is descrilMd in Fig, aa. 

The scheme shows synthesis of conjugate of 2'-d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nuoelotides (e.g., adenosine, cytidine. 
10 guanosine) and/or abasic moieties. 

Examplg 94; RNA cleavage bv hammerhead rihnyY pies containing p'. 
aminoaevi modiflMtinnff, 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or In combination, with either 2'-NH- 
alanine or 2'-NH-lysine. 

RNA cleavage a?ggY in vitm Substrate RNA is S' end-labeled using 
(Y-32P] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess* conditions. Trace 

20 amount (s 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90«C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37»C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCl2. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37»C. Aliquots of 5 jil 
are taken at regular Inten/als of time and the reaction is quenched by 
mixing with equal volume of 2X fonnamide stop mix. The samples are 
resolved on 20 % denaturing polyacryiamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a functfon of 

30 time. 



Referring to Fig. 95. hammerhead ribozymes containing 2'-NH- 
alanine or 2'-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Fi gure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2'-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated u^ng techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacvlation of y-ends of RNA 

I. Referring to Fig. 96. 3 -OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyi 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

IL Preparation of aminoacvt -derivatized solid support 
A^ Synthesis of O-Dimethoxvtritvl (O^DNTn amino acids 

15 Referring to Fio. 97, to a solution of (or D-) serine, tyrosine or 

threonine (2 mmol) In dry pyridine (15 ml) 4,4'-dlmethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stin^ at RT (about 20-25*'C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. i 

20 NaHCOs and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichioromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

Preparation of the solid support and its derivatization with amino acid^ 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NIH2 end group) was prepared according to 
Haralambidis et al., Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPQ or polystyrene type support). 0-DMT or NH* 
monomettioxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base*labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Anriinoacylation of S'-ends of RNA 

I. Referring to Fi g. 98. S^amlno-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17. 

5973). Aminoacylation of the 5'*end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5*-aminoacylated 
monomer was prepared as described by Usman et al., 1987 supra. The 
phosphoramidite was then incorporated at the 5 -end of the oligonucleotide 
10 using standard solid-phase synthesis protocols described above. 

II. Referring to Fig, 99, aminoacyl group(s) is attached to the phosphate 
group at the 5 -end of the RNA using standard procedures described 
above. 

VII, Reversing Genetic Mutatlong 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. NatL Acad. ScL US.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 
nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Refening to Rguras 1QQ and 101. broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA speciftcally. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide pr ribozyme) have to be continuously present to revert the 
10 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets ONA ffi g. 101) and has the advantage 
that changes may be penmanently encoded in the target cell's genetic 
code. Thus* a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to gemn-line 
transmission. See Lewin, £ifiQS&Ll983 John Wiiely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded ONA or RNA is one 
method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded ONA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobe!, S., & Oervan, P. (1992). Sequence-specific double- 
strand alkylatlon and cleavage of ONA mediated by triple-helix formation. 
J. Am. Cham. Soc, 114. 5934-5944 (1992). Knon-e, D.G., Valentin. V.V., 

35 Valentina. F.Z., Lebedev. A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press. Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oiigonucleotldes and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incoHBCt splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre>mRNA by antisense oligonucleotides. Proe l^ati AnaH Sri 
USA 90:8673-7. Analogously, In one preferred embodiment of this 
invention a complementary oligomer is used to connect an existiing mutant 
RNA. instead of the traditional approach of inhibiting that RNA by 
1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme /see 
Fiqviro 1Q2). by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful Rl^ is desired. 

RNA editing Is an naturally occuning event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcrlptionally. Higuchi. M.„ Single, F.. Kohler, M., Sorhmer. B.. and 
Seeburg. P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency QaH 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by nonmal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the Invention is distinct 
30 from techniques In which an active chemical group (e.g.. an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate tiie target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read In vivo as a different base. 



wo 95/2322S 



( 



PCT/IB9SA)01S6 



153 

This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
msi the nucleotide base sequence of a naturally occuning mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
in vivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter, as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic add. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a celt can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter is meant that the ability of the target nucleic acid 
25 to perform its normal function (/•©.., transcription or translation control) Is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By "mutanf it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AiDs RNA. and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactlvation of a gene in the HIV RNA by mutation of the mutant 
(/.A, non-human gene) to a wild type {i.e.. no production of a non-human 
protein). Such modification is perfomied in trans rather than in cis as in 
10 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17 - 22) sufficient to activate dsRNA deaminase in 
y£i}lSL to cause conversion of an adenine base to Inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a k>ase (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to S-methylcytoslne. 

20 In a most prefen-ed embodiment, the invention features correction of a 

mutation, rather than inactlvation of a target by causing a mutation. 

Using in vitro directed evolution, ft is possible to screen for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Sfiifillfifi 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying aetivfties can change one nucleotide to another 
(or modify a nucleotide so that It will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 • 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to detemiine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes. including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Rrstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the conrected gene would be 
property regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein {e.g., in sickle ceil anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endooenous Mammalian RNA gdttinQ System 

25 It was observed in the mid-1980s that the sequence of certain cellular 
RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional confonnation (for a review 

30 see Bass. B. L (1993) In The RNA Worid. R. Gesteland. R. and Atkins, J. 
eds. (Cold Spring Hart)or, New Yoric; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing In 
mammalian system is base modification (C U and A -> G). The 
mechanism of RNA editing in the mammalian system is postulated to t)e 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A->G has recently been reported for glutamate receptor B 
subunit (gluR-B) In rat PCI 2 cells (Hlguchi, M. et al. (1993) fiaJl 75, 1361- 
1370). According to Hlguchi gluR-B mRNA precursor attains a structure 
such that intron 11 and axon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A->l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deeiminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which In vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those In the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: ExoloitinQ cellular dsRNIA dapAnriant Adanina In^ffjnft 

convefter: 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to Inosines in double stranded 
RNA. (Bass, B. L. & Weintraub. H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. QalLSa, 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon Is incorporated Into the coding 
region of dystrophin, which Is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antlsense RNA which Is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to I's and read as G. 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an inrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5' to 3'): 

CCCGCQGTAGATCrrTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Fi gure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC*CMV (Invitrogen. San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5' to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649*3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega. Madison, Wl). 

5 Xenopus nuclear extracts were prepared In 0.5X TGKED buffer (0.5X= 
25mM Tris (pH 7.9). 12.5% glycerol. 25 mM KO. 0.2SmM DTT and O.OSmM 
EOTA). by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L & Weintraub. H. 
Cell 55, 1 069-1 098 (1 988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70*0, and 
allowing it to slowly cool to 37«C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing ImM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mlVI Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25*C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in ufiKro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg. MD). except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA canled through from the nuclear 
extract mixture. Luclferase assays were perfomied on 15ul of extract with 
the Promega luciferase assay system (Promega. Madison. Wl), and 
luminescence was detected with a 96 well luminometer. and the results are 

25 displayed In the graph In figure 102. 

Example 98! Base ehan^ino arth/ittos 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre. D.G.. Valentin, V.V., Valentina, F.Z., Lebedev. A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press. Novosibirsk. 1993) and Povsic, T., Strobel. S. & Dervan, P. 
Sequence-specific double-strand aikyiation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre. D.G.. Valentin, V.V., Valentina. F.Z.. Lebedev, 
A.V. & Federova. O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk. 1993). In the past these 
5 conjugated chemical groups or enzynoes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve ki sHu reversion of mutations, 
1 0 as described herein fsee fioura iOQ.iru) 

1. Oeamination of 5-methylcytosine to create thymidine 
(perfomied by the enzyme cytldlne deaminase (Bass, B.L. in The RNA 
World (Cold Spring Harbor Laboratoiy Press. Cold Spring Harbor. 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder. Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxylamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers. Inc.. Boston, 1987. PP 226- 
230.) 

20 2. Deamination of cytosine to create uracil (perfonned by the 

enzyme cytidine deaminase (Bass, B.L in The RNA World (Cold Spring 
Harbor Laboratory Press. Cold Spring Hartjor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidath^e deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston,1987. PP.226-230.) 

3. Deamination of Adenine to be read lil<e G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass. B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uradi) to 02^nethyl thymidine (or 
02-methyl uracil), to be read as cytosine by alkynitrosoureas (Xu. and 
Swann. Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-0-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophystca Acta» 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
suifonate (EMS) Microbial Genetics. David Freifelder. Jones and Barttett 

5 Publishers. Inc., Boston,1987. PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme OTP synthetase (Bass. B.L in The RNA World {Co\6 Spring Harbor 
Laboratory Press. Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightfonvard chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, fiflnss^1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions -(pyrimidine to purine, or purine 
to pyrimidine) are not prefen^ed because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transfonnations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 



Mutant base A 
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A 

T(U) 

C 

G 



iTransversion | RNA^/DNA^ F 



DNA6/rna6 Transversion llTransversion 



Transversion 



I Transvefsion I Transversion "1 DNAg>3^RNA3 
T ransversion ||- ||dna5/rna7 Transversion | 



J 



15 



20 



25 



1 
2 
3 
4 

5 



Deamination of 5-methylcytosine to create thymidine. 
Deamination of cytosine to create uracil. 
Deamination of Adenine to be read like G (Inosine). 
Methylation of cytosine to 5-methylcytosine. 



Transfomfiing thymidine (or uracil) to 02-methyl thymidine (or 
02.methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303*306 (1994)}. 

6 Transfonning guanine to 6-0*methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta. 
521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 

In Vitro Selection Strategy 

Refening to Figure 105, there is provided a schematic describing an 
approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA iigases. Bartel, D. and Szostak. J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1416). A degenerate loop opposing the base to be 
modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tueri< and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce. G, F. (1992) Scientific American 267. 90-97) and Szoslak 
(Bartel, D. and Szostak, J. (1993) SfiifiUSft 261:1411-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence* 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce» G.F« (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methiontne (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PGR and RE sites for cloning) is 
iigated to the temiini of the active pool to facilitate PGR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the Identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the rlbozymo could be evolved to specifically bind a 
protein having an enzymatic base changing acitlvlty. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antlsense-type 
10 molecules can be administered by methods discussed In the above 
referenced art. 

vm Administration of Nucleic AcldS 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription tennlnatlon signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturatlon ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl- Ac^d. Sd. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-toop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant Indicates that expression of enzymatlcally 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the Invention features a method for Introduction 

of enzymatic nucleic acid Into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair stmcture under physiological conditions. The R-loop is fomned in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond fonmatlon (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et al, 

15 International Publication No. WO 92/07065; Pen-ault era/.. 1990Nflluifi 
344, 565; Pieken ef a/., 1991 Science . 253, 314; Usman and Cedergren, 
ig92 Trends in Bioehem. ScL 17, 334; Usman ef aA, International 
Publication No. WO 93/15187; and Rossi ef a/., International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298,4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By 'sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be detemiined. In general, between about 15 * 80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37<^C, but it is simply desirable in this 
invention that the R*ioop stmcture exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is prefenred that the R-loop stmcture be stable under 
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those conditions, even a minimal amount of fomiation of the R*loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel. 1992 Science 258, 1320). 
Such expression can tiius only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well l<nown in the art, which will aid in 
targeting the R*loop complex to a desired ceil or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid. e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is fonned of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalentty bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, cart^ohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g.. it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucteosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is fonmed with a plurality of 
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intramolecular and Intermolecular cleaving enzymatic nucleic acids to 
allow release of therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-lQop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides In length, to a DNA expression 

1 0 plasmid resulting in an R-loop stmcture fsee figure 106V This RNA, when 
conjugated with a ilgand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-iigand complex. Fomnation of R-loops in 
general is described by DeWet. 1987 Methods In En^ymoi 145. 235; 
Neuwald et al., 1977 J. Virol. 21,1019; and Meyer et al,, 1986 J. Ult. MoL 

1 5 Str, Rgg. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result In the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence Identical to the RNA will be displaced into 

25 a loop-like stmcture called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the 6-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the firet 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Altematlvely, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Oaube and von Hippel, 1992, suora^ . 

5 One of the salient features of this Invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to constmct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 107^ as described by Draper supra. 

Liqand Targgtinq 

Another salient feature of this invention is that the RNA used to 

20 generate R-Ioop stmctures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific ligands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
plasmid containing an R-toop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localizaUon of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 cartjon 
spacer having a temtinai primary amine into the RNA feee figure iQflV This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low. 1994 J. BiOl. Ch9m. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a tenninal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimlde hydrochloride (EDO). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 



wo 9503225 



PCT/IB95/0OIS6 



168 

The RNA can also be derlvatized with a heterobifuctional 
crosslinking agent (or linker) like suecinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
Into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3' end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 
0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to fink peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al., 1984 £fill 37. 
801-813; Kalderon et al.. 1984 Call 39, 499-509; Goldfarb et al., 1986 
NslSiia 322, 64l-644)and/or proteins like the transfenin (Curiel et al., 1991 
5 Proc. Natl. Acad. Sci. USA 88. 8850-8854; Wagner et al.. 1992 Proc. Natl. 
Acad, S<?i- USA 89. 6099-6103; GiuUo et al., 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 
or the thiols can be introduced into the protein itself using either 
iminothlolate or suecinimidyl acetyl thioacetate (SATA; Duncan et al.. 1983 
Anal, BiQChgm 132. 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
delivered to an appropriate intracellular cite by techniques well known in 
the art. For example. pH-sensltive liposomes (Connor and Huang. 1986 
Cancer R95. 46. 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-medlated delivery of 
the R-loop complex in to desired cells can also be readily acompiished. 

In vitro Selaetinn 

in t^ro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce. 1992 
SfiifiDCa 257. 635-641; Joyce. 1992 Scientific American 267, 90-97) and 
Szostak (Battel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17. 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

10 complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor. 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce. 1992 SfiiflQCft 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
SiiBial. The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABLgl 



Characteristtcs of Hit^yp^^^ 

Group I tntrons 

Size: «200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site. 

Binds 4«6 nucleotides at 5* side of cleavage srte. 
Over 75 known members of this class. Found in Tetrahymena 
thermophUa rRNA, fungal mitochondria, chloroplasts, phage T4, blue- 
green algae, and others. 

RNAseP RNA (Ml RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRMA. 

Roughly 10 known members of this group ail are bacterial in origin. 

Hammerhead RIbozyme 
Size: «-13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Rgures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3* of the cleavage site. 
Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 • 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and stnjcturaJ requirements not fully determined Only l 

known member of this class- Found in Neurospora VS RNA (Figure 5). 
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Table 2 

Human ICAM HH Target sequence 



nt Position Target Sequences 



1 1 


CCCCAGU C GACSCUG 




CUGAGCU C CUCGGCU 




AGCDCCU C UUCUZUCU 


JX 


CvC7#Cu A CUwUSAG 


^4 
J4 


OGCQACd C AflAtjQUg 


ilA 
40 


uCaGAGQ u GCAACCCT 


4o 




CEO 


wCaGCCU C GCQADG3 


39 


CwUu^U A UGGCUCC 


04 


uauGGCCT C CCAGCAG 




CCGCACu C GAJIjUCC 




uv.wIAAjU C CuGCXTCG 


1 AO 


UCCUSCU C GSSGCCC 


lie 


CGGGGCu C UiUUCtJC 


1 1 Q 


vfCUCuGu u CCCAGGA 


uo 


CuulkjUU C CCAOGAC 


1 ^£ 

X«o 


CAGACAu C UUUUUCC 




UCuGUGU C CCCCUCA 




uCCCCCU C AAAAGUC 


loo 


CAAAAGU C AUCCUGC 


1 £0 


AAGUCAV C CUUJCCC 


1 oe 


GGAGGCU C OGUUCUG 




AGCACCU C CDGCGAC 




CwCAAGU U GuuGSGC 


230 


AAGUUQJ a GGKAOA 


237 


UGGGCAU A GAGACCC 


248 


ACCCOOT a GCCOAAA 


253 


GOGGCCa A AAAAOSA 


263 


AAGGAGU U GCOCCOS 


267 


ASOOSCU C CUGCCUG 


293 


AAGGCGU A OGAACUG 


319 


AGAAGAD A GCCAACC 


335 


ADGOGCU A UDCAAAC 


337 


GOGCOAU U CAAACOG 


338 


UGCUAOU C AAACOGC 


359 


GGGCAGU C AACAGCU 


367 


AACAGCU A AAACCUU 


374 


AAAACCa C7 CCDCACC 


375 


AAACCUU C CJCACCG 


378 


COJOCCU C ACOGOGU 



PCr/IB9S/001S6 



nt Position Target Sequences 



386 ACCGCGU A CJCGACU 

394 CUGGACJ C CAGAACG 

420 CACCCCJ C CCOJCCU 

425 CUCCCCU C UCGGCAG 

427 CCCCUCU a GGCAGCC 

430 AGAACCU U ACCCOAC 

451 GAACCUCJ A CCCUACG 

436 UOACCCU A CGCOGCC 

495 CCAACCU C ACCGOGG 

510 CGCOGCU C CGDGGGG 

564 CDGAGGD C ACGACCA 

592 GAGAGAU C ACCAUGG 

607 AGCCAAU U UCUCGUG 

608 GCCAADU U CUCGCGC 

609 CCAAnUU C UCGOGCC 
611 AATOUCU C GOTCCGC 
656 GAGCUGU U UGAGAAC 
^57 AGCCGCU U GAGAACA 
663 AACACOJ C GGCCCCC 
€77 GCCCCCJ A CCAGCUC 
«fl4 ACXMCU C CAGACCU 

CAGACCU U UGCCCUG 

693 AGACCOTT a GGCCOGC 

696 CCUUDGU C CUGCCAG 

709 AGCGACU C CCCCACA 

720 CACAACJ U GUCAGCC 

723 AACUUGU C AGCCCCC 

"^35 CCCGGGU C CUAGAGG 

738 GGGUCCU A GAGGOGG 

"763 CCGC3GGU C UGCUCCC 

769 GGOCUGU XS C C CU GG A 

770 GUCDGUa C CCUGGAC 

785 GGGCUGU U CCCAGUC 

786 GGCCGUU C CCAGUCU 
792 . UCCCAGU C UCGGAGG 
794 CCAGUCU C GGAGGCC 
807 CCCAGGU C CACCUGG 
833 CAGAGGU U GAACCCC 
846 CCACAGU C ACCUAUG 
851 G^JCACCU A CGGCAAC 
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863 AACGACU C COOCOOG 

866 GACJCCa O aJOjGCC 

867 ACDCCUU C OOGSCCA 
869 U CJ UU C U C 
881 AAGGCCa C 
885 CCOCAGU C 
933 GOGCAGa A 
936 CAGOAAn A 
978 OSACCUJ C 
980 ACCAOCa A 

986 UACASC? U 

987 ACAGCOa 0 

988 CAGCQUa C 

1005 ACGCGAD U 

1006 CGUGAUU C 
1023 CAGAGGa C 
1025 GAGGOOJ C 
1066 CC A CCCa A 

1092 AT3GGGGa XJ 

1093 QGG3GUD C 
1125 CXCAOCa C 

1163 CGCAGCU Q CO CUJUC 

1164 GCAGCDU C OOCDGCa 
1166 ASaJDCa C CUUCUCU 

1172 ucroGor c oqcmcc 

1200 GCCASCa 0 

1201 CCAGCUD A 
1203 AGCOUAD A 

1227 GGGASCa U 

1228 GGAOCUU C 
1233 UUCG U G U C 
1238 OTC C Umi A 
1264 GAGGSAO U GOO CG GG 
1267 QGAOOSa C OSGGAAA 

1294 AGAAAAU U CGCAGCA 

1295 GAAAADU C CCAGCAG 
1306 GCAGACa C CAADGDG 
1321 CCAGGCU U G3GGGAA 
1334 AACQCAU U GCCOQAG 
1344 CCGAGOJ C AAGOGUC 
1351 CAAGOGU C UAAAOGA 
1353 AGUGUCU A AAGGADG 

1366 CGGCAOJ a OCCCACU 

1367 G5CACUU tJ CCCACTC 

1368 GCACUUCJ C CCACOGC 
1380 USCCCAU C GG3GAAD 
1388 GGGGAAU C AGOGACU 
1398 UGACUGU C ACKGAG 
1402 UGUCACU C GAGAXJCU 



GGCCAAG 
AGCnUaQ 
AGOGUGA 
AZIACCXjG 
C I XajGiS A 
QACAGCa 
CAGCUUU 
OCCG GC G 
CQQGCGC 

COGACGA 
OGAOGAA 
XAGAAG 
AGAAOGG 
GAOOCAA 
C^GCCC 
CAOOOCA 



AZ2ACACA 
tJACACAA 
CACAAGA 

< mAru 

CUiUAUv 



1408 

1410 

1421 

1425 

1429 

1444 

1453 

1482 

1484 

14S3 

1500 

1503 

1506 

1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 



UCGAGAU 
GAGADCJ 
GGCACCa 
CCt2ACCD 

ccoccGc; 

GAGCACU 
GGGAGGQ 
AUGUjCU 
GCGCCCU 
CCCOGGU 
AUGAGAU 
AGADtlSa 
UDSOCAU 
UCATCAU 
COGUGGU 
CCGOUjU 
CAGOCAU 
CAGGCOX 
AGCAOro 
CGOACCa 

QAccuca 
ccucoAa 

GGAAGAU 
AAGAAAC 
ACAGACU 
CACGCCU 
OGAACCa 
AACCOMJ 
AGGGCCa 
CGCCUCU 
GCCUCUU 

UCGGCCU 
CGGCCOU 
OOCCCAU 
OCCADAD 
AAGACA0 

rocAGcu 

OACACCU 
AGGGCA0 
GCAUUGU 
UDGDCCU 
CCUCAGU 
GUCAGAa 
ACAGCAU 
CAGCAOT 
CCAOGGU 
CACACCa 
AAACACU 



C DTOAGGG 
0 GAGGGCA 



CCUCUGU 
OGCCGGG 
GGGCCAG 
AAGGGGA 
ACCCGCG 
O CCCCCC 
CCCCCGG 
OSAGAOU 
a GUCAUCA 
C ATCAUCA 
C ADCACUG 
C ACQGOGG 
A GCAGCCG 
C ADAADGG 
A ADGGGCA 
C AOCACGQ 
A C OJ CU A O 
C UAIAACC 
A UAACCGC 
A ACCGCCA 
C AAGAAAU 
A CAGACUA 
A CAACAOG 
C CCOGAAC 
A GCCC GG G 
CCGGGAC 
OUCCQCG 
CQXXUC 
CDOGGCC 
GGOCUUC 
CCCADAU 
CCAOAUU 
OUGGUGG 
GGIXXjCA 
CGCCAOG 
CACCOAC 
CCGGCCC 
GOCCUCA 
CDCAGOC 
AGOCAGA 
C AGAUACA 
A CAACAGC 
U UGGGGCC 
U GGGGCCA 
A CCDSCAC 
A AAACACa 
A GGCGVOG 
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13S6 

1861 

186S 

1868 

1877 

ISOl 

1912 

1522 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 



CACGCAU C 
ASCQGMJ C 
GACCDGC7 A 
CJGUAGU C 
CAQGACU A 
CAAGACU C 
ACAD3AU a 

GGADGUa A 
UC3AAAG9 C 
AAAGCOJ 
CAGACXU 
AGGACAU 
GGGAAAU 
CGAAACU 
GCOGCCU 
CGOCOAD 
ADOGGGD 
ACAGACa 
CAGACUU 
CGGCCCa 
CCCCCMJ A 
CADGOGD A 
C;OAGCAU C 

ccACAca a 

CACACOU C 



A 
A 
A 
A 

u 

A 
0 
A 
U 
A 
C 



GCCAGCU 

CCGCUCT 

GCUGCJCU 

CAACCCU 

UGAD3A0 

GAUAUGU 

tJAXJGOAU 

ACGUAOU 

UCjUAUUU 

UAOUOAD 

ADUOADU 

OADOCAU 

AOUCAUU 

CAULTJGU 

ALAAIGUU 

UDGOOAU 

TXnTUADa 

GOOAOTU 

UUAUUUU A 

ACCAGCa A 

CAGCOAU U 

AGCUAnU V 

GCUAXTUU A 



UGAKJCUG 
QGUAGCC 
GOCACAU 
ACAOGAC 
AGCCAAG 
AAGACAD 
GACGGAU 
AAAGOCa 
AAGvCUA 
OAGCCUG 
GCCUSAa 
GCCCCAC 
CAACUGG 
COGAAAC 
GCUGCOJ 
OCGGGUA 
GGGC2AZX* 
OGCGGAG 
ACASAAG 
CAGAAGA 
CAOAGAC 
GACM3Ga 
GCACCAA 
AAAACAC 
CC05ACG 
CJGACGG 
GGGCACU 
UAOTGAC 
COGACCC 
GAX3GAUA 
UGQAOUU 
DUUAOUC 
UACDCAU 
AX3DZADU 
UOCAUUU 
CADUUGU 
ATOCGUU 
OGOQAOCT 
GUaADUU 
AUUUUAC 
nUDUACC 
OOACCAG 
UACCAGC 
ACCAGCa 
CCAGCUA 
UDDAOUG 
UADCGAG 
ACOSAGa 
UOGAGCG 



3189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2223 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



UADOCA? 
t:GAGOGa 
AGOGOCa 
GOG UOJU 
DGOCUOT 

GDcooro 

UUUALUU 
GCAGSCU 
UGAACAa 
CAOAGGa 
UAGGCCU 

cxGoca 

OGGAGCa 

occcAsa 

UCCAOGQ 
GDCACA0 
OCACADU 
tTCAAGSa 
AOOUjGCJ 
GCACAGCT 
CAUUUGU 
OACAGGa 
A GUJUSU 
AAAASW 
UGGSACD 
GGGACDU 
GACUUCU 
UDCOCAD 
CCOGCOJ 
CDGCCOU 
OGCCTOa 
GACSOGAa 
AGDGADCJ 
GUGADUa 
U3ACJUUU 
GAUUUUU 
UDUU0CC7 

uuucuAa 

AAGCACa 
GCACOAE? 
GkCXXSGd 
0AAD3GU 
AAUGGUU 
' CSCAGGCr 
ACAGGUa 
CAGAGAU 
AGAGKDU 
GAGGCOJ 
AGGCCOU 



a GAGUGCC 
C CUUUAjOG 
U CUADGOA 
^ UADSOAG 
V ADGQAGG 
A DSOAGGC 
A GGCOAAA 
A AACGAAC 
A GGCCUCU 
C CCOSGCC 
CGGCOTC 
ACG3AGC 
CCAGOCC 
CAOGOCA 
ACADUCA 
CAAGGOC 
AAGGOCA 
ACCAGGU 
CUAIUUU 
GOACASG 
CAGGOUG 
GUACACa 

aaxscx 

AAADGGG 
CQCAUOG 
UCAUUGG 
ADGGGCC 
GGOCAAC 
UCCCCAG 
CCCCAGA 
CCOVGAA 
UUUCUAU 
ODCOADC 
OCOAOCG 
COAOCGG 
QAOOGGC 
UCOGCAC 
GGCACAA 
QADGGAC 
A UGGACDG 
A ADGG UUC 
U CACAGGa 
ACAGGUa 
CASASAO 
AGAGACJa 
ACOCAGU 
OCCAGOG 
AOUCCUC 

Ducrocc 



c 
c 
c 
c 
c 
u 
c 
c 

A 
0 
A 

a 

A 
C 

u 
c 
c 
a 
a 
u 
c 
a 

TJ 

u 
c 

A 

c 

A 
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2451 

2452 

2453 

2459 

2460 

2479 

2480 

2483 

2484 

2492 

2504 

2508 

2509 

2510 

2520 

2521 

2533 

2540 

2545 

2563 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 



GCCUUAU a 
CCOTAUU C 
OMJUCCvJ C 

ccoccca a 
cucccuu c 

GACACOJ U 
ACACCUCJ U 
CCOUUGU U 
OTUUGUU A 

Gccicca 

CCCACAU 
CAUACAU 
ACACAOa 
UACADUa 
CCAGUGU 
OUSwGOU 
UGACACU 
CAGOGGa 
GOCADGD 

CCAAGOX 

OAOGCCU 
GCCUCXSU 

ucGccca 

GUCCUCU 
COCUUGO 
GUCCUGU 
UCCCCjOU 
UUOGCAU 
UOGCAUU 
UGCAOOU 
GGGAGOJ 
UOGCAO; 
GCAOmU 
OGCAGCU 

OCCACUU 
CCAGUCU 
CAGCGAU 
OCAOOGU 
CCMGSU 
AAGGOAU 
GAGGACa 
ACOCCOJ 
CCCAGCa 
CCAGCOT 
GAAGGGU 
GGGOCAU 
UGOGOCXJ 



C 
A 

a 
a 

c 

0 

c 
c 
c 

c 

A 
A 

a 
c 
c 
o 
c 
u 
u 
u 
a 
c 
0 

A 
U 

c 
u 
a 
c 
c 
c 

A 

u 
c 
c 
u 
u 
c 
c 

A 



COJCCCwT 
CDOCCUU 
CCOTCCC 
CCCCOC A 
COOO CA A 

orooAoc 

GOOAOCC 
AGCCACC 
GCCACCQ 
CCCACCC 
CASUUCO 
O CO G C CA 

DGCCAGD 
CACAACG 
ACAACGA 

ADGOCDQ 
OQGACAKJ 
IXjC u AA 
OGOCQtXS 
GOOC UCU 
C O C UU G U 

GOCCOGO 
OXAJWG 
OGCADnCT 
GCAUUUC 
OCACOGG 
CACOGGG 
ACOSGGA 
GCACOAn 
tTDGCASC 
GCAGCOC 
CAGUUDC 
OCCUGCA 
CC05CAG 
C0GCAG7 
AGGSOCC 
COGCAAG 
U09GA0G 
GGAGGAC 
CCOCCCA 
CCAGCUU 
UGGAAGG 
GGAAGGG 
AUCCGCG 
CGCGOCa 
aSOGQAG 



2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

28U 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 



UACGwGU A 
ACAAGCU C 
AAGCOCa C 

ocuO iC tr c 

GCUCOGU C 
GOGCAAD C 
UCAOOGU U 
CAUGGUU C 
CJGCAGD C 
GCAGOO; U 

uoGAcca a 

CGACCDU a 
GACCUUU U 
UUGGGCU C 
AAGDGAa C 
OSA(X.*wU 

cccAccn 

OCAGOCa 
CCUGAG9 
GGAOCAa 
AUAGGCa 
GGCAAAU 
GCAAAOa U 
AXTCOSAD a 
UUUGADU 
UUGADUa 
CGAUOro 
GAUUDUa 

Azjocjoua 

ODUUUTO 
OUUUUUtJ 

ouucuuo 
oououuu 

OUUUUW XJ 
UUCUDOU U 

uuuuuuu 
oouuuuu 

A0GGGGC7 
GGGGUCU 
GCAACAU 
CCAGACU 
CAGACUU 
ACOUCCU 
CUUCCUU u 
UDUGUGU U 
OUGOGCU A 
UGOUACa U 



XJ 

rj 
u 
a 
u 

XJ 

u 
u 
a 

.XJ 



GACAAGC 
tJCGCOCU 
GCUCUGV 
UGDCACC 
ACCCAGG 
AUGGUUC 
CACUGCA 
ACU3CAG 
UUGACCU 
GACCUUU 
UUGGGCU 
OGGGCUC 
GGGCUC\ 
AAGOGAU 
CUCCCAC 
CCACCUC 
AGCCUCC 
CUGAGUA 
GCUGGGA 
GGCUCAC 
ACAACAC 
UGADUUU 
GADUUUU 
UUUUUUU 
UUUUUUU 
UUUUUUU 
UUUUUUU 
UUUUUUU 
UUUUUUU 
UUUUUUU 
U UOTU UU 

uuuuuuc 

UUUUUCA 
UUUUCAG 
UUUCAGA 
UUCAGAG 
UCAGAGA 
CAGAGAC 
AGAGACG 
UCGCAAC 
GCAACAU 
GCCCAGA 
CCUUU6U 
CUUUGUG 
UGUGUUA 
GUGUUAG 
AGUUMU 
GUUAADA 
AAUAAAG. 
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2966 


GUUAGUU A ACEAAAGC 


2969 


AGCraAU A AiUSCTUU 


2975 


UAAAGCa a UCCOAC 


2976 


AAAGCOa a CUCAACa 


2977 


AAGCUUU C dCAAOIS 


2979 


GCUUUCU C AACQGOC 
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Table 3 

Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 
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nt Position Target Sequence 



U CCCugGU C acCSuCTG 367 

23 CAGuGgO u COOXSOJ 374 

26 uGgOiCa C CGCOcCa 375 

31 CLiL U UJ U c COCcaca 378 

34 UaCUcaU a AG^GUcG 386 

40 gCAcAcU U GuAcfCCU 394 

48 ag^AOaX C AQCCO^ 420 

54 VggGCa: C GugADGG 425 

58 CaU^gcCU u UaGCOCC 427 

S4 cAeeeCa C 0CAGCA6 450 

96 OicugOJ C CTOGcCC 451 

102 U^caCa a COGCOgG 456 . 

108 cuCOGCU C cuGSCeC 495 * 

lis uGGuua7 C XXScGCCu £10 

119 Ggaansa c aCGUSGA 564 

120 COCOScU C CugGccC 592 
146 CAGuCgU C cGcuOCC 607 
152 DCUGUUU C agOCaCu 608 
158 OCCugua u AAAAacC 609 
ISS CAgAAGCJ u gOiiuOGC 611 
168 AAGcCua C CUUCCU; 656 
185 GGuGGga C CGCGCaC 657 
209 gcCACua C OTcOGgC 668 
227 CagAAGU U GOOliuGC 677 
230 AACjUUGU U uuGCucc 684 
237 UGuGCuU u GAGAaCu 692 
248 AaCCCaU c uCCUAAA. 693 
253 ccOGCXU A AggAaGA 696 
263 AgGGtniU c uCOaCOG 709 
267 AGggGCO C COGCCUa 720 
293 AAGcOGU u OGAgCOG 723 
319 AGgAGAU A cugAgCC 735 
335 cOGOSCU u QgagAAC 738 

337 QJcCaAXJ tJ CAcACDG 765 

338 aGCDgOa u gAgCDGa 759 
359 GuGCACa C guCcGOJ 770 

785 GGcCCGU a UCCUGcC 1353 

786 GcCroUU u CCuGcCa 1366 
792 UggagGU C UCOGAaG 1367 
794 CugOgCa u GGAGaCu 1368 
807 OiCgGaU a uACCDGG 1330 
833 CAaAGcU c GAcaCCC 1388 
846 CCcugGU C ACCguOG 1393 
851 GagACOJ c UacCAgC 1402 



AAugGCa u cAACCcg 
gAAgCCO U CCU^cCC 
AAgCCUU C CCgcCCc 
CuacCaU C ACOGOTa 
ACCGCGC7 A uUcGuuU 
CcGGACCJ u ucGAuCa 
CACaCuO C CCCcCcg 
Ca CCCCU C ccaGCAG 
CagCOCU c aGCAGug 
AGgACOJ c ACCCagC 
GAAaCcO u uCCOUuG 
OCROOCa c aGCcaCu 
CuAcCaD C ACCGOGu 
TOCrocU C CX»CGGGG 
CTcAGGU a uCcAuCc 
<^^^&AGA0 C ACaugGG 
AGCCAAD U UCUCaUG 
GCCAAOa U CUCaCGC 
CCAAOT0 C UCaUGCC 
AAXJOUOJ C aDGCCGC 
^AGCCGD U UGAGcug 
AGCCGOU a GAGcugA 
cgagCOX a GGCCaCC 
<3aCCUCD A CCAGCcu 
UUCAGCU C CgGuCCU 
CgGACuU U cGauOAi 
AGgaCcO c acCCOGC 
COJgOUU C COGCCuc 
gGCGgCO C CaCCuCA 
uACAACU U U0CAGCU 
AACOOUa C AGCuCCg 
aCCaGaa C CD^GAGa 
uGGgCOJ c GuGaDGG 
CaGOdGU C cGcOuCC 
<SGcaxSXJ U uCCOGcc 
uOuCGcU C CCDGGAa 
AGOGggD c gAaGgOG 
UaaCAga c DaCaACU 
aGCACcCJ c CCCACcu 
GuACUga a CCAOtai 
^^GCCCAU C GGGGugg 
GGaGAcCJ C AGUGgOJ 
t3GgCCCar C ACagaAc 
UGUgc^U u GAGAaCU 
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X4Wo 


OOv 






AIT? 








UWUUCV.U V. ougwVAu 






AUUMWUU W nOGwCvU 




885 






933 






936 


iTAjKrtr&n ti ( 1 Jijr^^Ai* 




978 






980 




1 A03 


986 




1500 

WW 


Qfl7 










1 CA£ 


1005 




1 CAB 




nff wdi/rfT mi. iLi.i ' AB. 


15X8 








1025 


vanuuUwU W gunMjuw 


1533 


1066 




15al 


1092 






1093 




15 o3 


1125 




1505 


1163 


VtfVjaAJWw .u ^uuuuuw 


15 Q7 


1164 


GaAGCOlJ C tTiniDSCtr 




1166 




1592 


1172 


tlOPtRiirT 11 aaA&AO^ 


i coo 

1599 


1200 




1051 


1201 




10 Ol 


1203 




loo3 


1227 




1678 




UailM,AJU W UUUUQWU 


1680 


1233 


uus*wuuu c cgoayaG 


1681 


1238 


WVS^U^'U A VamUCwU 


1684 


126d 




1690 


1267 




1691 


1294 




1696 


1295 




lo9o 


1306 




1737 


1321 




1750 


1334 




1756 


1344 




1787 


1351 




1 ^OA 

1790 


1793 


0^9<j(9CCD C gGcugCSX 


2173 


1797 


CacCAGO C AcAXS^ 


2174 


1802 


acCAGAD c CuggAGa 


2175 


1812 


ACuGgAU c UcaGSCC 


2176 


1813 


CAGCAUU (J acecuCX 


2183 


1825 


CCAcGca A CCOtugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAigcCU A GSCCACe 


2187 



9CGAGAU C 9gGgaGG 
GAGgUCU c GgaaGgg 
ccCACOJ A CuOuDGU 

uCUCUaa u GccCCuG 
GAaosO; C AgGaOGA 
OCjaAuCa C ACCaGga 
AguOSuU u CJgCuCCC 
cOQuOCa u CCUCaiiG 
CuguGcd u CGAGAac 
AXXjAaAU c aUggtXIc 
gGAcOaU a ASJCADUc 
UO^UguQ u AUaACcG 
cuAcCAU C ACcCSOGu 
ucaOSGU c cCAGgCG 
CuouAaU C ADUcOGG 
ugOICAU u gCGGGCc 
CAuGCCa u AGCAgcU 
ACCACca c CCcacca 
CuOAugO u OAOAACC 
OAugOua A UAAdOGC 
ugOUOAU A ACCGCCA 
GaAAGAU C AgGAuAU 
AgGAuAX; A CAaguUA 
ACAagua A CAgaAOG 
CcCaCCU C CCDGAqC 
gaAACCU u UCCuimG 
AACCOUU C CuuuGAa 
AGGaCCU C agCCO^ 
aGCCaCU D CCUCuGg 
GCCaOJO C COCuGgC 
aCOUCCU C uGgCUgu 
cCGGaCa U uCgAUca 
CGGaCUU u CgAUcUD 
UgCOCAQ c ggGSOGG 
CggAZ3A0 a ccDSGag 
ffAGACca c UaCCAgc 

g<*cgGc:xr c cAccuca 

gAagCOJ u CCuGCCC 
gaGaCAU U GUCCcGA 
GCAOUGU u CUCuaau 
nUagaga a UUACCAG 
CJagagOa U UACCAGC 
agagOUU U ACCAGCU 
gagOOOU A CCAGCUA 
ACCAGCU A UUUAOUG 
CAGCOAU U UAUCGAG 
AGCOAUa tJ AXJDSAGU 
GCUAUUU A OOSAGaa 
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1856 Cgg&CuO u oGAOCUU 

1861 AcaGGAU a accAGUa 

1865 cAcuOCa A CcCuCXg 

1863 CaccAGU C ACAtJaAa 

1877 CADGeCa a AGCagcu 

1901 uAAaACU C AACggAc 

1512 AuADagO a GADcAigO 

1923 UGaAXXSU a uAAGCAia 

1923 uGADSeO c AgGO^ac 

1928 UUAgAGO u ObaOCaG 

1930 AgAGUUa u aCCaGcU 

1964 GAGACAD u GuCCCca 

1983 AGSAuAD A CAAgOlia 

1996 aGGAgAU A COGS^eC 

2005 OSgAgCU a GCgGaCc 

2013 GOTauua A TJOSaGQA 

2015 GGCCcAU c GGGgugG 

2020 ggOSGuU c UUCQGAG 

2039 gCuGgCa a gGAGAgO 

2040 CuGACcU c CUGgAGg 
2057 OlcuCa; C CAcAucC 
2061 CuaCCAU e acCgOGU 
2071 CAcuUSa A GCcOCAg 
2076 GOAGCcU C AgAgCuA 

2097 CaACuCa a CUDGSU2G 

2098 CACACro C CcccCcG 
2115 GCCAGOJ c GGaggaU 
2128 CaGOJaU u UAuOGAg 
2130 cCUGOUU c COGcCuC 
2145 CAACuCU U cuOSAUg 
2152 CJauUaAU u tfagAgGU 
2156 uugACGU A COOASUa 

2158 gADGOAU U UADCMU7 

2159 ADGUAOa U AODaAOU 

2160 UUJAUUU A OOaAZTOU 

2162 OACUOAD U aADDUag 

2163 AUgCADU u ADQEaaOO 

2166 acOUCAU V cucOAOU 

2167 ADiguAUa a aUQAaXTU 

2170 uADUnaU U AaOOOAg 

2171 AgUCGUU u OgtObOC 

2417 gAASGOa a CAuAcGD 

2418 AcCXXSaU C uCAGGce 

2425 CAugGGO c gAGgGuU 

2426 AuuaaUU u AGAGuOU 

2433 uAGAGua U uaOCAGc 

2434 AGACuGU u aCCAGcu 

2448 GAaGCCU U ccOgCcC 

2449 AaGCCUU c cOgCcOC 



c 
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2189 UAUUUAU a GACUacC 

2196 caAcaca u cUD^AOG 

2198 gcaGcCU c COACGOu 

2199 GccOCDD a OgtAiOAu 

2200 UcCAieca c ADGcAaG 

2201 aagOTOU A OGUfeGGC 
2205 OUOAOGU c GGCcugA 
2210 GgAGaCa c AgCGgea 
2220 cuggCAU u GuCXtJCa 
2224 CucAGGC; a OCcauCC 
2226 USGaOCT C aCGCCgC 
2233 CSGaCCU C ejGGAGg 
2242 uGGAGca a gCQGaCC 
2248 tJauCcaU C CAUccCX 
2254 UCCAauU C ACAcOgA 

2259 aOCACAU t7 CAcGGU^ 

2260 UCACATO C AcQGO^c 
2266 ggAAuGU C ACCAGGa 
2274 ACCAGaa e OsGgaGa 
2279 GaAggOJ c GOgCAaG 
2282 aAGcOGU u ugaGcOG 
2288 tJAuAaCa U aOggcCT 
2291 caGOgCa u CuOSGCu 
2321 gAAAGAU C AcADGGG 

2338 DGaGACU c OJgccCG 

2339 GaaACca u CCcDOUG 
2341 GACcCCa a ccaGcCu 
2344 UOUcgAa c uuCCAgC 

2358 CCcagOJ c tJCagCAG 

2359 COGCuOU U gaaCAGA 

2360 aaCCCro C CuuuGAA 

2376 agGCGgU a cOCCO^a 

2377 gGOGgUU c DDCUgag 

2378 agGgOUU c DCOAcuG 

2379 UGcUODU c ucAU^G 

2380 aAgTOUU a OgOCGGC 
2382 aOUcOCa A UuGcCcC 
2384 aUcCaga a GaCACAA 
2399 AAaCACU A D&OQGAC 
2401 aagCDgU u CGagCOG 
2^ UAC05G0 c AgGaUgC 
2691 AAuGOcU c cGAGGcC 
2700 GAaGcCU u CCOgCCc 
2704 • gacCuCU a CCAGCcU 
27U CCCAGCU c UcagcaG 
2712 gagGucCJ c GGAAGGG 
2721 GAACGGa C gUgCaaG 
2724 GGuaCAU a CGuGOGc 
2744 gGWSgCa c cGUScAC 
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2451 


GCCUcutJ U CCtteCCU 


2452 


CCU^UtJ C CUgCCUc 


2455 


crAaoCCtJ u CCDoCCC 


2459 


CCaCaCO U CCOCOCc 


2460 


CaCn^^j* C CCQ0CC9 


2479 


GAgACCa e OaecAGC 


2480 


uCACCoO U GUoAiiCC 


2483 


CCaaDGU C AGCCACC 


2484 




2492 


agCACCU C COCAOCu 


2504 


C^CACcd A CuQCtXcrCT 


2508 




2509 




2510 




2520 




2521 




2533 




2540 




2545 




2568 




2579 


auAAfiutl A CGoCcGC 


2585 


cuoGCan n GIAxCnCff 


2588 


GCaDCdJ u CDCnAatT 


2591 


CJoGOuCU C DetdOCCO 


2593 




2596 


CtTuLIUtiTT tl C^f^jiHR 

VbWMWW\JW U WW V» O Q 


2601 


acCaOGO & niiCfironiT 


2602 


UCCaGcO a eCMSccC 


2607 




2608 




2609 




2620 


aGGAcCU c aCeCXSac 


2626 




2628 




2635 


UUCAGCD C CatjDccu 


2640 


otccogq U UCCDGCc 


2641 


cCCAGcU c uCaGOUj 


2642 


CCuGUUU C CDQCciiC 


2653 


uAcOGcrtJ C AOGaObC 


2659 


OaAOGGO C'aOQCAAG 


2689 


CuAAuGO e OccGAGG 


2941 


GagACAU U GuOCccA 


2951 


CCAcgCU a CCCJcQGc 


2952 


CAGcagO C CgcOGOS 


2955 


AigUgaCU c OGOGOcA 


2956 


uUUCCUU U GaaOcAa 


2961 


UcUSOGa c AGccAca 


2962 


aUGCJaUU u aUOAADU 


2965 


tTUU^a c AAQAAAG 



c 
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2750 


OACXiUa? u GAguAcC 


2759 


cCggaCa u CCGaUOJ 


2761 


AgGacCU C aCcCUGc 


2765 


OuUUGCU C CGcCgCu 


2769 


agUaJGC C AaaCAGG 


2797 


aUGaAAU C ACGGUcC 


2803 


t3CU7SGCJ c CcagGCg 


2804 


ggOGGgU C cgCJGCAG 


2813 


OJcCgGO C c'JGACCc 


2815 


aCAGUCU a cAaOJUU 


2821 


cQGACOJ c cCGGagg 


2822 


gGAgCca c cGGaCJU 


2823 


ugCCtJCU a GcuCcCA 


2829 


cCGGaCU a uAaCJcAU 


2837 


AgGOGgU u OTUCuga 


2840 


UGAgaCU C CugCCCJg 


2847 


CCaAugO C AGCCaCC 


2853 


9CAGCCU C uUauGOu 


2860 


gCcaAGU A aCUGuGA 


2872 


GGAOCua c aGCeaAg 


2877 


uUccGCU a cCAuCaC 


2899 


cGgAcuU a cGAUcOa 


2900 


uuAAuUU a GAgOUUa 


2904 


AcOUcAU a cUcaaOU 


2905 


cUUcACa c UcaaCUg 


2906 


OTGAUgU a CUUaCUa 


2907 


OGuaOUU a UUaaUUU 


2908 


GAagcUU c CCUUgcCJ 


2909 


AgcOUcU a UUgcUca 


2910 


UgCaUDU a UUaaUUCJ 


29U 


CJgUaCTUU a UUaaUUU 


2912 


ODgOUcU c UaaUgCC 


2913 


OTOcDcO a cUggUCA 


2914 


UgcUOUU c UcaUaAG 


2915 


aUOUaCJU a aUlAiAGA 


2916 


UaOTcga V CcCgCAG 


2917 


aOUcgOa U cCgGAGA 


2918 


OUcgUUU c CgGAGAg 


2919 


UUcacaC; a AGgGuCG 


2931 


ugGaGGC; C CCGgAAg 


2933 


GaGGOCa C GgAAggg 
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2966 GcOgGcO A gcAgAGg 

2969 AaDcAAO A AAGuOTO 

2975 CiAgAGuCJ a UacCAgC 

2976 gAgGgOU U CDCuACa 

2977 AAGCOgU u UgAgCOG 
2979 uCaOOCa C uAuOGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt Position Ribozyme Sequence 



11 CAGCGOC COGAOGAGGCCGAAAGSCCQUl ACOSGGG 

23 AGCAGAG aiGATOAGGCCS^UlAGGCOCSAX AGCQCAG 

26 AGOAGCA <roc»OSAGGCC5AigU3GCCGAA AaSAGOJ 

31 CCCOGAG CCGMGAGGCCGAAAGGCCGAA ACCAGAC 

34 C AACDC U CnGADGA<»XGAAAGCSCCGAA AGOAGCX 

40 AGGCUGC COGACGACGCCSAAAGGCCGAA ACDCSGX 

48 CGAGOOJ CTGAUSAGGCCGAAACGCCGAA AGC300GC 

34 CCM3ACC C0GAOGAGGCCGAAAG5CCGAA AGGCCG^V 

58 GGAGCCX OJGADGAfiGCCGAAAGSCCGAA AGCGAGG 

54 CJ3OTGG CWAXXaCGCCSAAAGGCCCS^ AOCXanA 

96 GOACCAG OXSADGAGGCCGAAJUSKKSi^ ACOSCGG 

102 CGMOC COGAOSAGGCCGAAAGGCCGAA ACCAOGA 

108 GA3CCCC Ca^TOAGGCOGAAAOOCCGAA AGOUSGA 

US QGGMCk COGATOAGGCCGAAAGGCCGaA AGOOCCC 

119 UCCOGGG aXAOGMKXrCGaAMGCaSAA ACAGAGC 

120 GUCCUGG CCGAUGAGCSCOSAAAGGCCGAA AACAGAG 
146 CGACACA COSAOSAGGCCCSAAAGGCCGAA ADGOCCG 
152 CGAGGGS COSAIJSAGGCCSAAAGSCCGAA AOCAGA 
158 GACOUUU COSMXSAGGCCGAAAGCXrGAA AGGGGGA 

GCAGSAU CCGATOAGGCaSAAAGGCCGAA ACOOOUG 

168 GGGGCAG CUGADSAGGCCSAAAG3CCGAA ADGACDU 

185 CAGCACG aJSADaAGGCOGAAAOGCCGAA AGCCDCC 

209 GCCACAG OJGAIXaGGCCGAAAGGCCGAA AGGOGCD 

227 GCCCAAC CUGA03AGGCCGAAAGGCCGAA ACDOGGG 

230 UMGCCC CCGMX3AGGCCGAAAGGCCGAA ACAACOU 

237 GGGCCOC OTGAOSAGGCCGAAAQGCCGAA ADGCCCA 

2*8 XKTOG GC CUGAU3AGGCCGAAAGGCCGAA ACGGGGU 

253 UCCOOUU CCGAtXSAGGCCGAAAGGCCGAA AGGCAAC 

263 CAGGAGC CUGADSAGGCXGAAAOGCCGAA ACOCCCa • 

267 C A5GCAG COCSATOAGGCaSUUtfacCGAA PJXtAaJ 

293 CAGODCA CTGAWSAGGCCGAAAOGCOSAA ACACCX3U 

319 GGOUGGC CUGADGAGGCCGAAAQGCCGAA ADC UUOJ 

335 CT OTGAA CCGAUSAGGCCGAAAGGCOGAA AGCACAO 

337 CAGOODG COSAUSAGGCCSAAACSOCCGAA ADAGCAC 

338 GCAGOro COGADSAGGCCGAAAOGCCGAA AADAGCA 
359 AGC OGUg CTGAUGAGGCCGAAAGGCTGAA ACOOCCC 
367 AAGGOUU CUGADGAGGCCGAAAGGCCGAA AGCOGTO 
3*^^ GGgSAG G COGAPSAGGCCGAAAOGCCGAA AGSCJOTO 
375 CGGCGAG CDGADSAGGCCGAAAGGCOSAA AAGGDDU 
378 ACACGGU CCGAD3AGGCCGAAAGGCCGAA AGGAAGG 
38fi AG UCCAG CCGAIX3AGGCCGAAAGGC0SAA ACACGGU 
354 CGOUCOG OBGAOGAGOCCGAAAOGCCGAA ACOCCAG 
420 AAGAGGG CUGAOGAGGCCGAAAGGCCGAA AGGGGOG 
425 CDGCCAA CDSAUGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GSCOGCC CUGAIXaG GC CGAAA GGC CGAA AGAOGGG 

450 GOAGSGa OJGAOSAGGCCGAAAOGCCGAA ACSUUCa 

451 CGOAGGG CTOAXXSAGGCCGAAAGSCCGAA AAOGOUC 
456 GGCAGCXi alSAOGAGGCCG^AAGGCCXSAA AGSSOAA 
495 CCACGGa CaGA£X»OGCC6AAAOC3COSAA AQGDtX3G 
510 CCCCACG COGADSaGGCC G AAAGGCCGAA AGCAOCX 
564 O G C P CG U CTOAOGAOGCCGAAAGXCGAA ACCOCAG 
592 CCAOGGO CX?SAZXSAOCXXSAAAG3CCGAA A UeOOJC 

607 CACOAGA CUGADSAOGCCGAAAGGCCGAA AtTOGGCU 

608 GCACGAG aXIAOSAGGCCGAJUUSGCCOAA AAOOGGC 

609 GGCACGA CCGAZXSAOGCCGAAAGSCCSAA AAADDGG 
611 GC35CAC COC»a»QGCCGAAiU3GCa3AA AGAAAOa 
656 GUUCUOl COta UlGaG GCOSAAAGGCCGAA ACAGCOC 
637 UGUUCUC CDGAOSAGGCCGAAAGQCCGAA AACAGCa 
668 GG33GCC C0GAO3AOGCCGAAA0GCCGAA AGG U GU U 
677 GAGCOGS CaSADGAOGGOSAAAOGOCGAA AQGGOGC 
684 AOGOCUG COGADGAOGCCGAAAOGCCGAA A GCO W U 

692 CAOGACA COGADGAOGCCGAAAGSCCGAA AOGDCOG 

693 GCAGGAC COGADSAGGCCGAAAGOCCGAA MCGXJOJ 
696 COGGCAG COGAOSAOGOCGAAAGGCCGAA ACAAAGG 
709 tTGOGGGG COSADSAGGQCGAAAGQCOGAA AGUCGCa 
720 GGCOGAC COGAIDCJUSGOCGAAAGGCCGAA A OIU G OG 
723 GGGGGCa CCJSAOGAOGCCGAAAGGCCGAA ACAAGOU 
735 CCOOXAG COGAOGACGCC G A AA GGCOGAA ACOCOGG 
738 CCACCUC CUGADGAOGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA. CIXaAXXSAGGOCGAAAGGCCGAA ACCAOGG 

769 UCCAGGG CUGADGAGGCC G AAAOGCOGAA> ACAGACC 

770 GCCCAGG COGAZXSAOGOOGAAAGGCOGAA AACAGAC 

785 , GACDGGG CDSADGAOGCOGAAAGGCOSAA ACAGCXT 

786 AGACOGG CTOADGAOGCCGAAAOGCOGAA AACAGCC 
792 CCOCCGA CUGADGAGGCOGAAAGGCCGAA ACDGGQl 
794 GGCXUCC CUSAOGAGGCOGAAAGGCCGAA AGAOISG 
807 CCAGGDG CDGADGAGGCOGAAAGOCCGAA ACCDGGG 
833 GGGGOUC OX^D^IAGGCCGAAAGGCCGAA ACCOCOG 
846 CADAGGa OXSAXXSAGGCCGAAAOGCQGAA ACOSQGG 
851 GODGCCX CQGAOQAOGCCGAAAOGCCGAA AOGOGAC 
863 CGAGAAG CGGADSAOGCOGAAAOGCCGAA AGOOGUU 

866 GGCCGAG C0GAXX3AOGCOGAAAGGCOGAA AGGAGOC 

867 OGGCCGA CDGAOGAGGCGGAAAGGCCGAA AAGGAGa 
869 CDOGGCC COGAUGAGGCOGAAAGGCCGAA AGAAGGA 
881 ACDGACa COGAOSAGGCCGAAAGGCCGAA A GG CC UU 
885 UCACACa COGAOGAGGCCGAAAOGCCGAA ACUGAGG 
'933 CCAGCA0 COGAOGACGCCGAAAGGCOGAA ACOGCAC 
936 UOCCCAG aJG A PG A O G CCG AA AGGOCGAA AnUACOG 
978 AGCUSUA CUSAOGAGGCCGAAAGGCCGAA ADGGUCA 
980 AAACCCG COGADGAGGCCGAAAGGCCGAA AQADGGU 

986 CGCCGGA CUGASGAGGCCGAAAGGCCGAA AGCDGUA 

987 GCGCCGG CUGAOGAGGCCGAAAGGCCGAA AAGC O G U 

988 GGOGCCG CDGAUQAGGCCGAAAOGCCGAA AAAGCD6 
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1005 UCGUCAG OXSAIXAGGCCGAAAGGCa^ ACCACSa 

1006 UOCGOCX CTOAXWAGCCCGAAAGGCCGAA AACCACG 
1023 CTUCUGA. OJCAtJGAGGCCGAAAGGCCGAA AC OX r j G 
1025 CCCODOJ COGADSAGGCCGiUUUSGCCGAA AGACCOC 
1066 UDOGCCTC CUGAOGAOGCOGAAAOGCCGAA Ai3S5(jGS 

1092 GGGOXSG Cn»IX3M3QCCGAAiUCXX^ ACCCCXa 

1093 t3GGGC0G COGADSAfiGCCGAAAOGCCGAA AACCCCA 
1125 XXSiOO^ C0CSXXS9SSOCa;M^^ AGCOGGG 
1163 GCAOGAG CUQAOSMGCCQAAAGGCCGAA AGC X O i 
1154 AOCAGGA axaDGAGQCCX33UUU3GCCGAA AAGCOGC 
IIS^ ACaCCJUS COGAOaAGSCCCaUACGCCGAA AGAAGCU 
1172 OMX^ CDGaaSAfiGCaaiAAGGCrGAA AGCAGGX 

1200 UUXjUAU CDGMGAGGCOSAAAOGCCGAA AGCCGSC 

1201 OCXAKJUA COSADGAOOCOSAAAOCjCCGAA AASCOGG 

1203 ucororo (toadgaogccgawuscsccgaa AnwvGca 

1227 GSACACG COGADSAOGCXQVAAGQCCGAA AGCOCCC 

1228 AQGACAC CDGACGAOGCOSAAJUSGCCQUl AAGCOCC 
1233 CMJACAG COSaXXSAGQCCGAAAGGCCGAA ACACGAA 
1238 GGSGCCA OISADGAGGCCGAAAOGCCGAA ACAGGAC 
1264 CCCGGAC COGADSAGGCCGAAAGGCCGAA ADOOCDC 
1267 UOTCCCG COGADGaUSGCXGAAAGGCCGAA ACAADCC 
1294 OSCTOGG COSAXXSRGGCCGAAAGGCCGAA ADOUDCO 
1235 CroCUGG aXSATOAGGCCGAAAGGCCGAA AACOTUC 
1306 CaCMTO COGADGMOCCGAAMOCOS^ AGOCDGC 
1321 W CIXU : aiSADGAGGCCGAjU^XCGAA AGCCOCG 
1^3* COCGOGC CCGAOSAGGCCGAAAGGCCGAA AOSGGUU 
1344 GACACDU C0GADSAGGCCGAAAC3GCCGAA AGCUCGG 
1351 OU ,UUUA CDGADGAGGCCGAAAOGCCGAA ACACOCG 
1353 C AOCC gg COGAIXSAGGCCGAAAGGCaSAA AGACAOJ 
135o AGOQGGA COGAOSAGGCCGAAAGGCCGAA AGTOCCA. 
1367 CAGOGGG CtXSAOSAGGCCXSaUAGGCCGAA AAGOGCC 
U68 GOaXSG aXSAOSAOGCCGAAAGGCCGAA AAAGOGC 
1380 AX30CCCC COSADSAOGOCGAAAGGCCGAA AD5GGCA 
1388 ACOCACa OXaUJGAGGCCGAAAGGCCGAA ADCCCCC 
1398 CDCGACa CTOAOSAQGCXGAAAGGCCGAA ACAGOCX 
1^02 AGAOCCC CCXjAXTSAGGCOGAAAGGCOGAA AGwGACA 

1408 CCOJCAA ctoadgaogcogaaaogccgaa aiktoga 

1410 DOCCCOC cdgadsaggccgaaaogccqaa agadcuc 

1^1 ACAG AGG OXanSAGGCCGAAAGGCrGAA AGGOGOZ 

1*25 CCCGACA aXSAIWAGGCOGAAAGGCCGAA AGGQAGG 

1429 OJSGOCC CDSAOSAGGOCGAAAGGCCGAA ACAGAGG 

1444 OCCCCUU OXSAOSAGGCCGAAAGQCCGAA AGCGCOC 

1455 CGCGGGU CUGACGAGGCCGAAAOGCCGAA ACCOCCC 

1482 GGGGGGA CUGADGAGGCCGAAAGGCOGAA AGCACAU 

1484 CCOGGGG CTOAOGAGGCXGAAAOGCCGAA AGAGCAC 

1^3 AADOICA OXSAOSAGGCCGAAAGGCCGAA ACCCGGG 

1500 UGAUGAC OXSAIX^GGCCGAAAGGCCGAA ADCUCAU 

1^03 OGAOSA0 CDGAOGAGGCCGAAAGGCCGAA ACAADCU 

1506 CAGUGAU COSAUGAGGCCGAAAOGCOGAA ADGACAA 
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^509 CGICAGD OXSAOSAGGCCGAAAOGCCGAA ADGACGA 

1518 CGGCOGC CDGWX3AGGCCGAAJU3GCCGAA ACCACAC 

1530 ccMJDAa cdgadgaggcx:gjuu\ggccgaa acoscgg 

1533 UGCCCAa CTOADSAOKCXaAAAOGCCGAA A03ACUG 

*531 AOGCXXU COGAOGMGCOGAAAOGCOG^A AQ GO COG 

1559 AIIAGAGS CDGADSAOSCOGAAAGGCCGAA ACGOGCU 

1563 GCAJUAUA COGAIXMUSOCaSMAGGCOGAA ACGUACG 

1565 GOGGOIA COSAXXaOGCOGAAAOGCOSAA 

1567 OGGCGCT CDGADSAOSCCGAAAGSCCGWl AmCAGG 

1584 ADTOCOa CDGADSAOtMCGAAAGGCCGAA ADCOCCC 

1592 IWSOCX Caaa^aXXXaAAGCXXGA^ ADODCDU 

1599 COTOOS COSADSaGGOCGAAAGGCOGAA i y s UCU GO 

1^51 GODCAGQ COSADSACSSOOSAAAOCjCOGAiV AGGOGCG 

1661 CrCGOGA Cra«3AG8CCGAAAOGCCGAA AGGOTCA 

lfi«3 GTOCOGG CD»OSAGXCGMAGSCCGAA AinGGCU 

1^8 CGAGGAA COCiAOGAGSCOGAAAGGCOGAA ASSCC CU 

1580 GOCGAOG C0G»DGaO0CCGAAAGGCCGAA AGftOGCC 

1581 GGCOGAG CaSADSaGGOOGAAAGGCOiAA AAGAGGC 
1584 GAAOGCC CTOATOACSXrcaUUUSGCaS^ AGGAAGA. 

1590 AIZA0GOG COGADSaOSCCGAAAGOOOGAA AOOCCGA 

1591 AADADOG OXSADGBttSOOOGAAAOCXXSA^ AAGGCCG 
1596 CCACCAA COSADSAGQOCGAAAGGCaSAA ADGGGAA 
1698 CT3CCACC axSATOMOOCSGAAAGGCCGAA ADAOQGG 
1737 CA OGGCA Ca5AI13AQGaOG3UUU3GCOGAA ADGOCDO 
1*'50 GOAOroS COGaDSAGQOOGAAAGGCCGAA AGCDGCA 
I'^Se GGGC O GG aXSADSAGGCOCSAAAOGCaSAA ACGOGUA 
l''^' UGAGCSAC ajGAOSAOXXGAAAGGCCGAA ADSOCCU 
1790 GACTSAG CtXaOSAGQCCGAAAGOCCGAA ACAADGC 
1793 tJCOGACa CTO A m A flGCOGAAAGGCCGAA AOCSVCAA 
1797 OGCAUaT CTOATOAGGCCGAAAGGCCGAA ACDGAGG 
1802 GCDGDTO COSADGAOOOOGAAAGGCCGAA ADCOGAC 

1812 GGCXCCA aXSATOAGGOOGaUOGGCOGAA ADOC U Ui 

1813 OGGCCCC OXSAIXSACQCXaSAWyGGCXGAA AAZ3GC0G 
1825 GOXAGG C0GAXX5A0GC0GAAAGGCCGAA ACCADGG 
1837 AGOTOOT aXSATOAGGCaSAAAGGCCGAA A6G0G0G 
1845 CGDGGCC ClXaOSAGOCCauUmXGAA A OJUUUU 
1856 CAGADCA COCaaSAGC3COGAA«3GCCGAA AOGQGOG 
1551 GACOA CA. axaiXSMGCCGAAAOGCCGAA ADC3tf3AU 
1863 ADSCX3AC aX5AD3AOCXX3SAAAGGCCGAA ACAfiADC 
1868 GUCAOSa COSADGAOOCCGAAAGGCOGAA ACmCAG 
1877 COOGGOy OTA0C5AOC5CCGAAAGQCCGAA AGOCAUG 
1901 APSDCro COSADESAGGCOSSUUUSGCCGAA AGOCD U G 
1512 AOCCADC CaSADSAGOCOSAAAGGCCGAA ADCADCa 

1522 AGACUOT COSADGAGOCOGAAAGGCCGAA ACADCCA 

1523 UAGACOU CDE3A0SAGGCCGAAA0GC0GAA AACADCC 
1528 CAGGCUA aXSATOAGGCCGAAAOGCCGAA AOJOOAA 
1930 AUCACGC COGADSAGQCCGAAAOGCCGAA AGACUDU 
1964 GOSGGGC CWSUXMOCCGAAAGGCOGAA ADGOCOC 
1583 CCAGDUG aJGADSAGGCCGAAAOQOOGAA ADGOCCa 
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1596 GUUUCAG CCGACGACGCCGAAAGGCCGAA AODOCCC 

2005 AGSCAGC CC7GAX?3AGSCCSAAAGGCCSSU A GUUUC A. 

2013 GACCCAA CCGASGACSCCGAAAG3CCSAA AGGCAGC 

2015 CAOACCC CUGACGAGGCCGAAAGGCCGAA AIAOGCX 

2020 OXIAGCA COGATOACSGCCGAAAGGCaSAA ACCOU«7 

2039 CDUCUGU aTGATOAGGCCSMAGSCOGAA AGQCOGa 

2040 GCJDC aG COGJUSUSSCCOAAAGGCO^ AAGOCUG 
2057 GCCOAOS OaSADGA flGC O G AAAGGCCGAA AGGGCCA 
2061 ACAOSCC CUGACGAGGCCGAMGGCOGAA ADGSAGG 
2071 UUQAOGC COSACGAfiGCCGMAOXCGAA ACACACG 
2076 UAAIUUU CCGAE^SAGGCCCSAAAGSCCGAA. ADOCDRC 

2097 CSCCAG3 CDCSADSAGGCCtSAAAGGC^^ AGOGCGG 

2098 CCGCCAG CTOADSAGGCCGAAAGSCCGAA AAGCGCG 
2115 AGTOCCC aXSATOAGSCCSAAAGSCa^ AGCDGGC 
2128 GOCAGCSl COGACGAfiGCOGAAAOGCCQAA ACAC3CAC 
2130 GSSOCAG CCGADGAGSCCGAAAG3C0SAA JVGACAGC 
2145 OAUCACC COGADGAOGCCGAAAGGCCGAA AGGSOUG 
2152 AAADACA CQGAOGAGGOCGAAAGSOCGAA ADCAOOl 
2156 OAAXIAA^ CCPSAOGAGSCOGAAAGGCOGAA ACAUACC 

2158 AOSAAOA CDGAjOGAGGCCGAAAGGCOGAA AOACAZIA 

2159 AAITSAAU CUGAUGAGGCCGAAAGGCOGAA AADACAO 

2160 AAAOSAA COGATOAGGCCSAAAGGOOGAA AAAXZACA 

2162 ACAAADG COGACGAGGCCGAAAGGCCGAA ADAAAUA 

2163 AACAAAU COGAXTSAGGCCXaAAAGGCCGAA AADAAAD 

2166 AAUAACA CDSAOSAGGCCGAAAGGCCXSAA ADGAAOA 

2167 AAADAAC CXGADGAGGCCGAAAGGCCGAA AACGAA0 

2170 GOAAAAU OTSADSAGGCCGAAAGGCCGAA ACAAACG 

2171 GGOAAAA CtXaOSAGGCCGAAAGGCCGAA AACAAAU 

2173 CUKjOAA CUGAI7SAGGCCGAAAG5COGAA AX2AACAA 

2174 GCCKSGOA COSAXXSUSGCCGAAAGSCCGAA AAOAACA 

2175 AGCTSSa aSGADGAGGCTGAAAGGCCGAA AAADAAC 

2176 OAGCDGG COGACGAGGCCGAAAGGCCGAA. AAAADAA 
2183 CAAUAAA CTOAOSAGGCCGAAAOGCCGAA ACCOGGa 

2185 COCAADA OXSAOaAGGCCGAAAGGCOGAX AHAGCUG 

2186 ACOCAAU C0GA3DSAGGCCGAAACGCCGAA AAnAGCU 

2187 CACUCAA OJSADGACGCCGAAAGGCCGAA AAAX2AGC 
2189 GACACDC OXSACGAGGCCGAAAGSCCGAA ASAAAUA 
2156 CAHAAAA CTOAOSAOGCCGAAAGGOOGAA ACACOCA 

2158 UACAnAA CTOAOSAGGCCGAAAGGCCGAA AGACACU 

2159 CDACAOA CUQAOSaGGCCGAAAGGCOGAA AAGACAC 

2200 C COAC AU CDCSADSAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCOACA aXSAOSAGGCCGAAAOGCOGAA AAAAGAC 
2205 OTOAGCC CDGAOSAGGCCGAAAGGCOGAA ACADAAA 
2210 GOtJCADU COGACGAGGCCGAAAGGCCGAA AGCOIAC 
2220 AGAGACC COGACGAGGCCGAAAGGCCGAA AOGODCA 
2224 GGCCAGA COGACGAGGCCGAAAGGCCGAA ACCOAOG 
2226 GAGGCCA CtJGACGAGGCCGAAACGCCGAA AGACCUA 
2233 GCDCCGU CDGAX5GAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACDGG CDGAOSAGGCCGAAAGGCOGAA AGCOCOG 
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2248 OGACAUS CtX»OSAGGCXXSAAAGGCCGAA ACOGGGA 

2254 OSAArea CTOADGAGGOCGAAAGGCCGAA ACADGGA 

2259 GACCUUG CCGADC2USGCCGAAAGGCCGSU AOGUGAC 

2260 USACCOa CDGAOSAGGOOGAAAGGCOGAA AADGCJGA 
226S ACCOGGU C D G A IXS AC GCCGAAAOQCCGAA ACCDUGA 
2274 ACAAOXS aXiAOGAGGCOGAAAGSCCGAA ACOXjCU 
2279 CCDGUAC COGAOSAGGCmAAAOGCOCS^ ACCGOAC 
2282 CAACCOG COGACGAGGCQQAAAGGCCGAA ACAACCG 
2288 AGOSOAC CDGAOSAGQCCGAAAGSCCGAA ACCOGOA 
2291 OSCAGOS COSADSAOOCOSAAAGGCCGAA ACAACCU 
2321 CCCADUa CDGADSAGGCCSAAAGGCOSAA ADCOUUU 

2338 CAAX3GAC COGAXXSU^GCCGAAAGGCOSAA AGOCCCA 

2339 CCAAUGA C03ADSAG30CGAAAGG0CGAA AAGOCCC 
2341 GGCCAA0 CDGADSAOGCaSUUUGGCCGAA AGAAGOC 
2344 OUUUia ; COGAOSAGGCCGAAAGGCCGAA ACGAGAA 

2358 COSGGGA COSAIX3AOGCCGAAAGG0CGAX AOGCAGG 

2359 UCOGGGG COSAIDGAOGCCXSAAAGGCXGAA AAGGCAG 

2360 WLIXWG C0QAD5AOGCQGAAAGGCCGAA AAAGGCA 

2376 AOAGAAA COGA03AGQCCGAAAGGCCGAA ADCACDC 

2377 GAOAGAA COGACGAGGCCGAAAGGCCGA^l AADCACU 

2378 OGAQAGA COGAOSAGGCQGAAAOGQCGAJl AAAOCAC 

2379 COGADAG COSADGAOGCOGAAAGGCCGAA AAAAUCA 

2380 GCOGACA CUGA03AOGCCGAAAOGCCGAA AAAAADC 
2382 GUQCCGA CCKSAOSAGGCCGAAAGGCOGAA AGAAAAA 
2384 OUSOBCC COGADGAGGCOSAAAGGCCGAA AOAGAAA 
23S9 GCCCADA COGAXSaAQGGCGAAAGGCCGAA AGCGCUU 
2401 CAGOCCA CUGATOAGGCTGAAAGGCCGAA. AnAGOGC 
2411 GAACCAP axa«X3AGGC«5AAAGGCCGAJl ACCAGOC 

2417 AC OXjw C0SAIX3AGGCCGAAAGGCCGAA AOCAUUA 

2418 AAOCTXAJ C0GMX3UMCCGAAAGGCCGAA AACCAUU 

2425 A UCUCOq CTSADGAGGCCGAAAGGCCGAA ACOJGCG 

2426 AADCOCU CTOATOAGGCXCAAAGGCOSAA AACCOGU 

2433 A OISGGa axaOSaGGCTGAAAGGCCGAA ADCDCUG 

2434 CACOSGG aX3AIX3»GGCCGAAAGGCCGAA AADCOCU 

2448 GAGGAAU CDGADSAGGCCGAAAGGCCGAA AGOCCOC 

2449 GGAOGAA CTGBiaSAGGCXrGAAAGGCaGAA AAOGCOJ 

2451 AOQGAOG COGADSAOGCCGAAAGGCOSAA ADAAOGC 

2452 AAGOGAG COGADSAOGCCGAAAGGCCGAA AADAAGG 
2455 GGGAAGG COGADGAGGCOGAAAGGCOSAA AGGAAU21 

2459 OGGGGGG COGAIXSAGGOCGAAAGGCCGAA AGGGAGG 

2460 OOSQOOG COGADGAGGCCGAAAOGCCGAA AAGGGAG 

2479 GCOAACA COGAWGAOGCCGAAAGGCCGAA AGGOGUC 

2480 GGCOAAC CIKSATOAGGCCGAAAGGCCGAA AAGGOGU 
2433 GCTOGCU CDSA0GAGGCCGAAAGGCCGAA ACAAAGG 
2484 AOGTOGC COSADSAOGCCGAAAGGCCGAA AACAAAG 
2492 GGGDGGG COGAtXaGGCCGAAAGGCCGAA AGGOGGC 
2504 AGAAATO COGAOGAGGCCGAAAGGCCGAA ADGOGGG 

2508 OXCAGA COGADGAGGCCGAAAOGCOGAA A0GGADG 

2509 OXXSCAG COGAIXaOGCCGAAAGGCOGAA AADGUAU 
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2S10 ACUGSCA CCG;VU:>AGGCCGAAAGSCCGAA AAAOGOTl 

2520 COGAPSAGSCOGAAaCGCCaAA. ACACKS 

2521 CGGAOCSAG50CQUAG50CGAA AACICOG 
2533 GACCGCa CTOArXSAGGOIXSAAAGSCCGAA AGOGDCA 
2540 CAGACAU CtJCAOGAGGCTGAAAGSCOGAA ACO GOJ G 
2545 AUGUCCA COSAOSAOGCOGAAAGSCOtSAA ACUDCSAC 
2568 OOSGSCA COGAOSAGGCCGAAAGKCGAA A D U CCJ U 
2579 CAAGSCA CUGACGA0GCCGAAAGGCC3AA AGCOQGQ 
2535 AGAGSAC COSAZXSAGGCCSAAAGSCOSAA ACGCADA 

2588 ACAAGAG OXSAOSAGGCCGAAAOSCQraA ACAAGGC 
2591 AG3ACAA CDCSAn^SSCTGAAAGSCaGSa AGGACAA 
2593 ACAGGAC OXaDGAGCXXXSAAAOGCCGAA AGAGGAC 
2596 CAAACAG CDCAroAGGCCGAAAGSCCGAA ACAAGAG 
2601 AAADGCA COGADGAGGCOaAAAGSCOSAA ACAGGAC 
2S02 GAAAiroC COOAZX^GGCCGAAAGSCOSAA AACAOGA 

2607 CCAGTOA OXZtfXIAGGCCGAAAGGCCGAA ADGCAAA 

2608 <XCAGOS COGADGAGGCCGAAAOGOOGAA AAOXAA 

2609 tJCC CAGO C O S A DG A GGCCGAAAGGCOGAA AAADXA 
2620 ADAGOGC C0GMX3AOG00GAAAOGCCGAA AGCDOCC 
2626 GOXSCAA COGAIXSaGGCCGAAAGGCCGAA AGOGCAA 
2628 GAGCOGC COGAOSAGSCCGAAAGGCCGAA AOAGOGC 
2^5 GAAACOG aJGADSAGGCCGAAAGGCCGAA A G COS CA 
2640 OGCAGGA aXSATOAGGCCGAAAGGCCGAA ACOQGRG 
2M1 OXXAGG COGAOSAGGCOGAAAGGCCGAA AACOGGA 
2642 ACroCAG COSAD3AGGCCGAAAO0C0GAA AAACOGG 
2653 GGACCCa COSAOSAGC3CCGAAAGGCCGAA ADCUCDG 
2659 CTOGCAG COSADGAGGCCGAAAGGCOGAA ACCCOGA 

2589 CCOCCAA CCGATOAGGOCGAAAGGCCGAA ACCUOGG 
2691 GWXOCC CraiXSaGGCCGAAAGGCCGAA AnftCCTO 
2700 TOGGAOG COGADGAOGCCGAAAOGCCGAA AGOCCDC 
2704 AAGCTOG COSADSAGGCCGAAAGGCCGAA AGGGAGD 

2711 CCOOCCA COGADGAGGCCGAAAGGCCGAA AGCOGGG 

2712 CCCODCC O^GAOSAGGCCGAAAGGCCGAA AAOCOGG 
2721 CGOGGAU COGADGAOGCOGAAAGGCraAA ACOCDDC 
2724 ACACGOG COSATOtf^XGAAAGGCOGAA AOacCC 
2744 COACACA COSADGAGGCCGAAAGGCOGAA AOCACA 
2750 GOIUGUC COSADGAGGCOGAAAGGCCGAA ACACAnA 
2759 AGAGCGA CDGAOGAGOCOGAAAOGOCGAA AGCDDGO 
2761 ACAG AGC COSADSAGGCCGAAAGGCCGAA AGACCOO 
2765 QG03 ACA OXSAIXSAGGCCGAAAGGCOGAA AGCGAGA 
2769 CCDGGGU CO3ADGAOGCCGAAAGG00GAA ACAGAGC 
2797 GAACCAD COSADSAGGCCGAAAGGCCGAA ADDGCAC 

2803 OQCAGOG COSADSAGGCCGAAAGGCCGAA ACCADGA 

2804 C OGCAC a COSADSAGGCCGAAAGGCCGAA AAOCWDG 
2813 ^^Q gQCAA COSADSAGGCOGAAAOGCCGAA ACDSCAC 
2815 , AAAGGOC COSADSAGGCCGAAAGGCCGAA AGACDGC 

2821 AGCCCAA COSADSAGGCCGAAAGGCCGAA AGGOCAA 

2822 GAGCCCA COGAOGAGGCCGAAAOGCCGAA AAGSUCA 

2823 OGAGCCC COSADSAGGCOGAAAOGCCGAA AAAOCDC 
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2829 AOCACOT C0GADGAGSCCGAAAG3CCGAA AGCCOU 

2837 GOSQGAG CimDGaGGCCGAAJUSXXXSU ADCACOU 

2840 GAGGOGG OJGADGAGGCCGAAAGGCCGAA AGGAIKIA 

2847 GGAGGCO COCSATOAOGCXXAAiUSGCCGAA AGGOGGG 

2853 XnCOOG CDSAOGAGGCCSMAGGCCGAA AG GC C G A 

2860 OOOCAGC CtXSADGAGGCOG;uaGGCOGAA ACOCAGG 

2872 . GOSAGCC GXSADGAGGCOGiUUGGCOGAA ACGGOCC 
2877 GOGOroa COGAOGAGGCCGMAOGOCGAA AGCCaW 

2899 AAAADCA COGaDGACGCCOVAAGGCCGAA ADOCGCC 

2900 AAAAADC CCXStfJSAOGCOGAAAGGCOGAA AAXTOCGC 
2S04 AAAAAAA CTSADGAGGCCGAAAGGCCGAA ADOUUU 

2905 AAAAAAA aX»OSAGGCCSAAAG5CCSAA AADCAAA 

2906 MAAAA^ CDSADSAOGCCGMAGGCSGAA AAADGU 

2907 AAAAAAA COGADSAGGCCGAAAGGOOSAA AAAADCA 

2908 AAAAAAA CUjAXJGAGGCOGAAAOGCOSAA AAAAACC 

2909 AAAAAAA CDSAOSAGGOCSAAAOGCQSAA AAAAAAU 

2910 AAAAAAA COSADGAGOCOSAAAGGCOGAA AAAAAAA 

2911 AAAAAAA OXSaWSAGGCOGAAAGGOCGAA AAAAAAA 

2912 GAAAAAA COSAIXaGGCXXaAAGGCXXaA AAAAAAA 

2913 OGAAAAA CTOADSAOGCOGAAAGGCCGAA AAAAAAA 

2914 CTGA AAA CtXjAOSAGGOOGAAAOGOOGAA AAAAAAA 

2915 OroSA AA aX3Aa3J«3CCGAAAGGCC5GAA AAAAAAA 

2916 UXjiAiAA OTSAIXaGGCCGAAAOOCaSAA AAAAAAA 

2917 UOUJliA ClX3AaG3U3GCXX5AAAOGCCGAA AAAAAAA 

2918 GOCOCOG aXSADGAGGCCGAAAQGCOSAA AAAAAAA 

2919 CGUCUCU CCGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GOOGCGA COGADGAGGCCGAAAGGCCGAA ACCOCGa 
2^33 APSDOX C0SAO3AGGCCGAAAGGC0GAA AGACCCC 
2541 OCOSQGC CraiXSAGGCCGAAACGCaaA ACGOTGC 

2951 ACAAAGG COGAIXaGGCCGAAAGGCCGAA AGOCDGG 

2952 CaCAAAG COSAWSAGGCCGAAAGGCOGAA AAGOCCG 
2955 OAACACA aXSAOSAOGCCMAAAGGCCGAA AGGAAGa 
2556 CUAACAC COGAOSAOGCCGAAAGGCCGAA AAGGAAG 

2961 ADOAACa CDGADSAGGCCGAAAGGCCX3AA ACACAAA 

2962 OADUAAC CasaDSAGGCCXSAAAGGCCGAA AACACAA 

2965 CDCOAD a aXSAOSAOGCCGAAAGGOOGAA ACOAACSl 

2966 GCOOCAO aX3A0G3«5CCGAAAOGCCGAA AACOAAC 
25« AAAGCUU OXSAOSAGGCCGAAAGGCCGAA ADUAAOJ 

2575 gPqSAG A COGAOSAGGCCGAAAOGCCQAA ACCUOOA 

2576 A SOqSAG COSAIXSAGGCOGAAAOGCCGAA AAGCOUD 

2577 CaCOOSA C0GAIX3AGGCCGAAAGGCCGAA AAAGCOT 
2579 GCCAGOW COGAOSAGGCXGAAAOGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 

nL Position Ribozyme Sequence 

U CMCSSm COSAOGMGCCG3UaU«XGAA ACCAQGG 

23 A9CA»jS COSADGaGOCCGAAAGGCCGAA ACCACCG 

3- Uj UjuAG araraGGCaSSUAGGCCOAA MCAGAG 

34 cGAooco axaaaca»caftAW33ooGAA adcsmaa 

40 ACSmaC aXaDSAOSCCGAAAGGCCGAA ACO GU GC 

48 CCAOQCa CraxcaGGOOGAAAOOCCGAA AGGDCOJ 

54 COttXaC GOSADSMQCOGAAAGGCOSUV AGGCCa 

58 OGAGCTO> C0GAD3MQOOGCVAAGGCOGAA AGGCADG 

S4 CTSCroS aXBU3C»3C50aSAAAOGCCaAA AQGGGOG 
GGGCCAG COSADSAOOCOC3BUUU3QCCGAA AGCWSAG 

102 CCAGCM CDGADGAGGCrGaJUGGCCGAA ACDGGCA 

108 QGGCaJS COSADSMGCCGAWIOGCCGAA AQCAGAG 
AG3AGCA CDGADGAGGOCGaAAGGCCSAA AGAACd 

^ ^^^"^ aWADSAGGOCGAAAOGCXGAA ACMKJCC 

120 GOGOOG CaaOGMSCCGAAAOOCCGAA AGCAGAG 

146 GGAAGCC CJGWX»GGCCGAAAGGCCGAA ACGACTG 

152 AGOSGCU aXSATOAGCXXXSUgtfSGCCGAA ACACaCA 

158 GGOOOOU CraiXBURX^^ 

16S qCAAAA C CaaDGAGGCaSAAJ^SCCGJU^ ACODCOG 
OQC5C5CAG COSADGAOGCCGAAAOGCOQAA AACGCTO 

185 CroCACG CDGAroaCGCCGAAAGGOCGAA AOCCACC 

209 GCCAGAG aXSMXSACGCCGAAJUSGCrGBUl AAGOOCX: 

227 OCMAAC COGAlXa«3CXXGaAAGG<»3AA ACDDCOG 

230 G CSAGCAA CTSMWUXRKSmGGCCG^ ACAACTO 

237 ACOOCOC axSAOSAGGCMGAAAOGCOaVA AACC^CA 

248 OTCTC CSA COSADGAGGCOSAAAGQCOGBVA ADGGGU U 

253 ocDtxxa oxaasAGocaaAAGcscasaui aggcaog 

263 CAfiOAfiA CTOAlKAOCXXXaAAGGCCGAA AAACCCU 

267 P MGCAG aCATOAOGCXSSaAAGGCCGAA AGCCCCQ 

253 CAGCOCA aJG»tfX3AOC5COGAAAOGCCGAA ACAGCTO 

319 GGCOCAG CTOAOGAOSCOGAAAGOCOGAA ADCDCCa 

335 GDUOTCA CTGA05A0GCCGAAAGGCCGAA AGCACAC 

337 CAGOTOG CTOAOSAGCSCCGAAAGGCCGAA ADDGQAC 

338 UCAGCUC OWADGABC^XSUUUSGCCGAA AACAGOJ 
359 AgC GGAC OXSAlXttGGCCGAAAGGCCGAA ACOGCAC 
367 CGGCC70G CUGAOGAGGCCGAAAGGCCCSAA AGCXADU 
^"^^ QGOQC G CCGADGAGGCCGAAAGGCCGAA AGGCOUC 
375 GGGGCA6 OXSAOGafiGCOGAAAGOCCGAA AAGGCUU 
378 ACAOOGCX COSADGaGOCOGAAAGOCCGAA ADGGD3U5 
386 AAACGAA OJGAOGAGGCCGAAAGGCCGAA ACACGCa 
394 AGAUCGA CJGADGAGGCCGAAAGGCCGAA AGOCCGG 
420 CGGGGGG CJGACGAGGCCGAAAGGCCGAA AAGOOTJ 
425 CJGOKX; CJGAOGAGGCCGAAAGGCCGAA AGGGGUG 
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427 CAaJGOJ CCGADSAGGCCGAAAGGCCGAA AGAGCCG 

430 CaGGGU CDCaDESAGGCCGAAAGGCCGAA AGG U CC U 

451 CAAAGGA COOATOAGGCCGAAAGGCCGAA AG5DDDC 

456 AGOGSCU OKSAOGAGGCCGAAiyGGCCQ^ iUSGGQAA 

495 ACACGGU CDGADQAGSCCGAAAGGCCSUV ACGSOAG 

510 CCOOCG CUGATOAGGCCGAAAGGCCGAA AGCAGCA 

564 GGATOGA CCGADGSAGGCCGAAAGacCG;Ul ACCOGAG 

3^2 CSCAOSa CCGWSAGSCCGAAAGGCCSAA ALUJUUC 

607 CATOAGA CTSADGAGGCCGAAAGGCOSAA ADDSGCU 

608 GCASGAG COGAOGAGGCCGAAAGGCCGAA AADDGGC 

609 GGCADGA OXSAZTGAGGCCGAAAGGCCGAA AAAOQGG 
611 GCOGCAD CDQACGAGGCCGAAAGGCOGAA AGAAAOU 
636 CAOCOCA CtJGAXXSAGGCCGAAAOGCOGAA ACAGCDU 
657 OCAGCOC CDGADSACGCCGAAAGGCOGAA AACaCCD 
668 GGOSGCC COSAOGAGOCCGAAAGSCQQAA A GG C OUi 
677 AGSCOGG CDGADSAGGCCQAAAGGCCGAA AGAGGCC 
684 AfiCSACCG COGADGAGGCCGAAAOSCCGAA AGCOGAA 

692 AAGAIKIXJ COGADSAGGCCGAAAGGCaSAA AAGUCCS 

693 GCACQGU COGAOSAGGCCGAAAGGCCGAA A O G UCCU 
696 GAOGCAG CDGAUGAOGCCGAAAGGCCGAA AAACAGS 
709 CGACGC3G COSADGAGGCOSAAAGGCCGAA AGCCGCC 
720 AGCOSAA CJGACXMGCCGAAAGGCCGAA AGOTGOA 
723 CSOAGO; OJGAUGAGGCCGAAAGGCCGAA AAAAGUU 

735 (TCOCCAG CCGAXXU\G50CGAAAGGCCGAA ADCQGGa 
738 CCADCAC C03ADGAGGCCGAAAGGCCGAA ACGCCCA 
765 GGAAGCG COGADGAGGCCGAAAGGCCGAA AOSACOG 

769 GGCAGGA COSAOGAOGCCGAAAGGCOGAA ACAOGCC 

770 UUCCAGG COGAXXSAGGCCGAAAGGCCGAA AGCAAAA 
785 GGCAGGA CDGAOGAGGCOGAAAGGCCGAA ACAGGCC 

736 AGGCAGG OJSAIJGAGGCCGAAAGGCCGAA AACAGGC 
792 CUOCCGA OJGAUGAGGCXX^AAGOCCGAA ACCOOCA 
794 ACUCUCC CUGAOGAOGCOjAAAGGCOSAA AC C C CA G 
807 CCAGGOA OXSAOGAGGCCEAAAGGCCJGAA ADCO^G 
833 GGGUroC COSADSAGGCCGAAAGGCCGAA AGCOOOG 
846 CAACGGU COGADGAGGCCGAAAOGCOSAA ACCAGGG 
351 GCOSGUA CDSAD5AGGC0GAAAGGCXGAA AOGOCCC 
363 CCAGAGG CTGAOSAGGCCGAAAOGCCGAA ACOGGCU 
866 • GGGCAGG CUGAOGAGGCCGAAAGGCCGAA AGGCDOC 
367 UCOCCGG OJGAUSAGGCCGAAAGGCCGAA AACGAAD 
369 COOGCAtJ COGAOGAGGCCGAAAGGCXXSAA AG3AAGA 
381 ACGGGDD COGADGAGGCCGAAAGGCCGAA AAGCCAU 
385 UCACCUC CUGAUGAGGCCGAAAOGCCGAA ACCAAGG 
933 CCAGAAU CUGAX3GAGGCCGAAAGGCCQAA AUOAOAG 
936 GCACCAG CCGAXISAGGCCGAAAGGCCGAA ASGAOOA 
978 AGOCGOA aXSAlXSAGGCOGAAAGGCCGAA ACOG UU A 
980 AAAGUOG COGADGAGGCCGAAAGGCCGAA AGACUGO 
986 AGCOGAA COGADGAGGCCGAAAGGCCGAA AGUDGQA 
9S7 GAGCCGA CJGADGAGGCCGAAAGGCCGAA AAGDDGU 
9c8 GGAGCJG CJGADGAGGCCGAAAGGCCGAA AAAGDUG 
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1005 OCOCCAG CUGAOSAGGCCGAAAGGCCGAA AUCUUiU 

1006 UU CCCC X CUQADGAOGCCGAAAGGCCGAA AC UCUCA 
1023 C J OCC G A COGAOGJU^XGAAAGGCC^ ACOXXrA 
1025 C CC U OCC CaGAX»U»CCGAAAGGCCGAA ACACCUC 

1066 uraoDoa oxsadg^ogccgmaggccgaa agagdgg 

1092 GGCCOGX CUGAIX3AGGCCGAAAGGCCSAA ADCCAGU 

1093 UUGGCUG COSAOSAGGCCGMAGGCCGAA. AGSDCCX 
1125 UCAAGAA CtXSADSAOGCCSftAAGGCCGAA AGOOGGG 

1163 GCAAAAfi COGAIXaUSGCCGAAiUSGCCGM AGCDOCS 

1164 AGOUUm COGAIXaGGCCGAAAGGCCGAA AAGCUUC 
1166 AGAGCAA CQGAOGAGGCCGAAAGGCCOAA AGAAGCU 
1172 GSUUUUU CUGAOGAGGCCGAAAGGCCGAA AACAOQA 

1200 OSOGGAG GSGAIIGAGCSCCGAAAQGCXGAA AGCAGAC 

1201 CUUJUCA aXjADGAGGCTGAAAGGCXX^A MCOJX 
1203 AOXSGUG COGAOSAGGCOGAAAGGCCGAA AAAAAGU 

1227 GGUCACG CUGAOSAGGCOGMAGGCCSAA AD5QACC 

1228 AGCAAAA CDGAOGAGSCCGAAAGGCCGAA AAGCDUC 
1233 COC O CCG aK^JJGfJSCCO^M^^ AAACGAA 
1238 AOGACCA CXiGAOSAGGCCGAAAGGCCGAA ACAGCAC 
1264 CUOSCAC COSADGAiOGCOGAAAGGCCX^AA ACOCUUC 
1267 UOOOCCA CDGAX7SAGGC0GAAA0GCCGAA ACOCQCA 

1294 GGCOCAG CDGADGACGCCGAAAGGCCGAA AOOJCCU 

1295 CUGCUSA OXSOJGAGGCCGAAAGGCCGAA ACCCCUC 
1306 CAXroOCA COGADSAGGCCGAAAOOCCGAA AGOCOGC 
1321 U CC U C CU COGMISAOQCCGAAAGGCCGAA AGC OJU C 
1334 UUQAOGA COGAUGAOOCCGAAAGGCCGAA ADGGGOa 
1344 . CACUCUC COGAOGAGOCOGAAAGGCCGAA AGCDCAU 
1351 aAACDUA CDGAOSAOGCCGAAAGCjCCGAA ACACUCA 
1353 CAOCUUC COQADGAOGCOSAAAGGCCGAA ACCCACU 

1366 AGOOSQA OXSVTOAGGCCGAAAGGCCGAA ACOGOOA 

1367 AGG09GG CXIQADGAGGCCGAAAGGCCGAA AGGUGOJ 

1368 AGAGdQG OXSUXaAOGCOGAAAGGCCGAA ACAGOAC 
1380 CCACCCX: COGAUGAGGCCGSUVAOGCCGAA AUSQGCA 
1388 AGCCACO COGAIX^AGGCCGAAAGGCCGAA AGUCOCC 
1398 GUDCOro CXSAZXSAGGCCGAAAGGCCGAA ACAGCXJi 
1402 AG UUQ3C COGAOGAGGCOGAAAOGCCGAA AAGCACA 
1408 ' CCOCOCC COGAlXSUSGCOGAAAfiGCCQAA ADCVOSC 
1410 CXXUUCC OTGAXXS^OGCCQUUUSGCC^ AOACCOC 
1421 ACAAAAG CXSADGAGGCXX^AAAOGCCGAA AGGUGGG 
1425 COCOACC COGAUSAOGCCCSAAAOGCCGAA AG0CACSC7 
1429 CAGQOGC CUGAXXSAGGCXXSUUUXSCCG^ AUAGAGA 
1444 UCCUCCU CXSADGAGGCCGAAAGGCCGAA AGCCUUC 
1455 UCaXSGU COGADGAGGCOGAAAOGCCGAA ACADUCC 
1482 GGGAOCA COGWOGAOGCOGAAAOGCCGAA AACAACU 
1484 CA0SAGG COGAUGAGGCCGAAAOGCCGAA AOAACAG 
1493 GUUCUCA COGAUGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU CwGAUGAGGCCGAAAGGCCOAA AUUUCAU 
1503 GAAUGAU OGAUGAGGCCGAAAGGCCGAA AOAGUCC 
1506 CGGUUAU CJ5AUGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU COGADSAGSCCGAAAGOCCGAA ADGG UA G 

1530 OCaAAO COGADSAGQCCSMAGSOOESAA ADaAQAG 

1533 GSOCCUC aXiADS;VGGCCGAMGGCCGAA AD»CCA 

1551 AGCOGCU Ca»tX»OGCC»AAGSCCGAA AGGCAUG 

1559 ACGOGGG COGAOSAOGCCaUAOGCCGAA AGQOSCa 

1563 GGOGAIBl CSGAIXjAGSCCSSUAGSCCSAA ACAOMG 

1565 GCGTOIA COGAOGAGCSCCaAAAGGCCGAA JUU^CMJA 

1567 OGSOGGU COGADGAGGCXXSVAAGGCCGAA AQAAACA 

15d4 AOADCCa CDCaOS A QGCXGAA A GGCCGAA ADCDUDC 

1592 UAACOOS COGaDSMSGCOSMAGSCCSAJl »MDOCa 

1599 CCUUrOG CtXaAOGAGGCXGAAAGGCXGAA AA OJIXAJ 

1651 GCKAGG CaSATOAGGCOGAAAGGCCGAA AQGQQGG 

1661 CAAAGGA COSADSMGCaSUKAGGCCGAA A QGUUIJC 

1663 ODCAAAG COGAIXSUSGCCQUUUSGCCGAA AAAGSOa 

1678 CCAOGCU COCUOXsAOGCXGAAAGGCCGAA ASGQCCa 

1680 CGUSAGG OXSADSAGSCCGAAAGGCCGAA AGCOGCO 

1681 GCCAGAG OlSaDGftGG C a a U^AGGCXXSAA AJySOGGC 
1634 ACAOCCl COGAOS^OQCOOUUGGCOSAA AGGUCa 

1690 AGADCG^ COCSUDC^iOOCaSAAACGa^^ AGCXXGG 

1691 AAGADCG aXSUDGAGCSOCGAAAGSCGGAA MGOCCG 
1696 OCAOCCC CCGAUGAOGCCGMAGGCOCSAA ADGGGCA 
1698 CCCCAGG aXSAIXaUSGCC GA AAGGCCGU AXauCCO 
1737 GCIX3GUX CaGAOaAGGCCGAAAGGCXXaAA JUSGOCUC 
1750 IXSAGGOG CUGAZXaAOGCOGAAAGGCOGAA AG C OSOC 
1756 GGGCAGS CUGAOSftGCXXG A AAGGCXaUl AQGCOUC 
1787 DGGOGAC COGADSaOKOSMAOOCCGAA AOGOOX: 
1790 AUUAGAG OXAIXjJUSGCCGAAAGOCCGAA ACAADGC 
1793 dCCAGCC O XSAPG A GGCCXSAAAGCXrGg^ AGGACCA 
1797 UnOAOSO CUG»KXSA0GCCG8UU^GGCCGAA ACTOGOG 
1802 aCQOCAG COGADSAOGCOGAAAGGCCGAA AOCQGGU 

1812 GGCOJSA COQADSAOGCOSIAAGGCCG^ AOCCACa 

1813 tRSAOGGO OJOAIXSACX^CXGAAAGGCCGAA AADGCDG 
1825 GCAGAOG OX^IXSAOCXXGAAAOQCCGAA AfiOGOGG 
1837 GGAOCOA OJGADGAOGCCGAAAGGCCGAA AGQCADG 
1845 GGOWCC CUGAOGAOOCCGAAAGSCCGAA AOGCOCG 
1856 AAGAOOS C0GAXX3AGGC0GAAAGGCXXIAA AAGOCCG 
1861 tZACOQGA CQGADSAOGOOGAAAGGCQGAA ADCAOGU 
1865 CUGAGGC aX»OGAGGCCXSAAAGGCCGAA ACAAGOG 
1868 OUUADGO CDGAXXaAOGCOaAAAGGCCGAA ACDGGOG 
1877 AGCOQCa CUGAZISAGGCCGAAAGCXrGAA AGGCAUG 
1901 G U CCC UU aX>A0GAGGCXX3AAAGGCCGAA AGOUOQA 
1912 ACOGAUC C0GAD8AGGCGGAAAOGCXXSAA ACDAXJAD 

1922 UAACnOA CUSAOQAGGCCGAAAGGCCGAA ACAOOCA 

1923 GAQACCU CUGAOGAGGCCGAAAGGCCGAA AGCADCA 
1928 COGGOAA OXSADGAGGCOGAAAOGCOGAA ACDCOAA 
1930 AGCOGGD CDGACGAGGCCGAAAGGCCGAA AAACUCU 
1964 CGGGGAC CJGAUSAGGCCGAAAGGCCGAA ALTGUOJC 
1983 UAAOJUG OJGAUGAGGCCGAAAGGCCGAA AOAOCCU 
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IBSe GGCUCAG COGADGAGGCCTVAAGGCCGAA ADCUCCa 

2005 GGOCCGC CUSAUGAGGCXGAAAGSCCSAA AGCTCCA 

2013 raOJCAA aJGATOAGGCrGAAAGGCCGAA AAAOAGC 

2015 CCACCCC aX2A0GAGGCCGAAAGGCCSAA ADGGGCX 

2020 CUCAGAA (IXK^XCKSPiCaCZS^^ MCCMCC 

2039 CCOCOOC C 0 GADGACSCC3AAAGGCCSAA AGCCAGC 

2040 CCOCCAG COGArafiSCCSAAAGGCCGAA AGGOCAC 
2057 GGaroOG C»3AIJGAGGCC3AAAGGCC3AA AGGAGOl 
2061 ACACGGQ OlSADCjaGGCCSAAAGCX^^ ACGSOAG 
2071 CCXSaOCSC aXSOJGAGSCCGAAAaSCCQAA ACMG^S 
2076 OMCOCa C0GADCSU3SXX S AAACK»^ AGGCOAC 

2097 CADCAAG OX^IXSAOGCCSAAAGSCCSAA ACSAGOCG 

2098 CGGGGGG COTAIXSAGCXXGAAJyQGCrGA^ AAGOGOG 
2115 ADCCOCC COGASrafiGCCGAAAOGCCGAA AGCOGGC 
2128 CDCAAOA OIGSAZJGaGCSCCGAAAGGCCXAA ACAGCtX? 
2130 GAGGCAG axaOGAGOCCGAAAGGCCGAA AAACAGG 
2145 CA DCAAG CroaPGAGCXXgAAA AGaCOUG 
21S2 AACDCOA CasanSAOGCOSAAAGGCCGAA ADOMnA 
2156 UAADAAA CtX^JGAOGCCGAAAGGCCSAA ACADCAA 

2158 ADOAADA CCXjAXXSAGGOCGAAAOGCCGAA ADACADC 

2159 AADOAAU COSADGSUGGCCffiJUUXm^A AAXIACAIT 

2160 AAAUUAA C0GAXX5AQGCCGAAACGCCGAA AAAnAC\ 

2162 CUAAAOT OJGADGAGGCCGAAACSGCCGAA AOAAAUA 

2163 AADOAAU axaiX»OOCCGAAAGGCCGAA AAXZACAU 

2166 AAUAGAG COSAOSAOQCCGAAAGGCCGAA ADGAACT 

2167 AADOAAU OISAOGAGGCCGAAAGGCCGAA AADACAD 

2170 COAAADO aXSMXSAGGCTGSUUUSGC^^ AOAAAOA 

2171 OGGAGCA CXXaOSAGGCCGAAAGGCCGAA AACAACU 

2173 C DGGQAA COQADSAGGCCGAAAGGCCGAA ACOCUJU 

2174 G OXSGUA CTOADGAGGCCGAAAGGCXGAA AACDCOA 

2175 , AOaJOGO COGAIXSAGGCCGAAAOGCCGAA AAACOCU 

2176 OAGCOGG OXaADGAGGCCGAAAGGCCGAA AAAACOC 
2183 CAADAAA CUGAU3AGGCCGAAAGGCCGAA AGC D G GO 

2185 COCAADA OXMXSAGGCOGAAAGGCXXSAA ADAOCDG 

2186 ACOCAAD OXSADSAGGCCGAAAOGCCGAA AADAGOJ 

2187 OACOCAA CTOAIXSAOCXXXSUUGaCCGAA AAADAGC 
2189 OGOACUC COSAOSAOQCCGAAAGSCOGAA AOAAAOBl 
2196 CaUJCAAG CSX5AXK3AGGCCGAAAGGCCGAA AGAGDOG 

2198 AACADAA CTOADGAGGCCGAAAGGCCGAA AGGCDOC 

2199 ADAAACA C0GWX5AGGCCGAAAGGCCGAA AAGACGC 

2200 CDOSCAD COGADGAOGCOGAAAGGCCGAA AGQAAGA 

2201 GCXX5ACA CUGAOSAGGCCGAAAGGCCGAA AAAACOU 
2205 OCAGGCC OXSADGAGGCCGAAAGGCCGAA AC3UJAAA 
2210 AGCCACO OXSAIXSAGGCCSUAGGCCGAA AGOCDCX: 
2220 AGAGAAC CDGAIXSAGGCCGAAAGSCCGAA ADGCCAG 
2224 GGAOGGA CDGAOTUXXXXiAAAGGCCGAA ACCOGAG 
2226 GCGGCCU OX^UGAGGCCGAAAGGCCGAA AGADCCA 
2233 COJCCAG CDGAUGACGCCGAAAGGCCOAA AGGDCAG 
2242 GGOCCGC CUGAUGAGCCCGAiv^GGCCG^A AGCUCCA 
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2248 UGGGADG OSGAIX^OGCrSAAAOGCCGAA AUGGADA 

2254 UCAGUGU COGMXaAi^jCCGAAAGGCCG^A AAZJUGSA 

2259 CACCGW CCICMX^AGGCCG^VAAGCXX^ ADGOGAD 

2260 GCACCGO OXauxaCiSCX GA AAGGCCGaA AAOGOQl 
2266 UCCOGGU CCGAPGAGC SC C G AAAGGCC3AA ACADUCC 
2274 XJCaCCM COGAOSAGGCCGAAAGGCCGAA ADC U GU U 
2279 CnUGCAC CXXIADGAGGCXGAAAGGCCGAA ACCCOCC 
2282 CAGCJCA COGACGAGGCCGAAAGGOCGAA ACAOCOU 
2288 AGC3CCA0 aXSOTGAQaCCGAAAOGCCSAA ACOOADA 
2291 AGCAGAG CUSADSAGGCCGAAAGGCCGAA ACCACOG 
2321 OCCALXjU OXSATOAGGCCQUVAOGQCGAA Au c uim c 

2338 CA0C3CAG COSMX3AGQCCX3AAAGGCCGAA AGDCUCA 

2339 CAAAGGA OXADGAGGCCGAAAOGCCGAA AOGOOGC 
2341 AGGCOSG COCSUTGAGGCCGAAAGGCCGAA AGAOGOC 
2344 GCTOGAA CUGADGAOGCCGAAAOGCXGAA AOCGAAA 

2358 OJQCUUA OXaiDGAGOCCGAAAGGCOSAA AGCUOGG 

2359 UCIWUUC CDGADGAOOOCGMAOGCOGAA AAAGCAG 

2360 COCAAAG CDOOGAGGCCGAAAOGCCGAA AAAOGUU 

2376 QCAGAA6 OX^ADSAOCCCGAAAGGCCGAA ACCACCD 

2377 CDCAGAA COGAOSAiSGOCGAAAGGOCGAA AAOCACC 

2378 GVGOAGA COCSADGAOGCCGAMGGCCGAA AAACCOJ 

2379 CUOADSA COGAZXSAGGCOGAAAGGCCGAA AAAAGCA 
2360 GCCGACX CUGAOGAGGCOSAAAGGCCGAA AAAACUU 
2382 GGGGCAA OXSAIXSAGGCXSAAAGQ^^^ AGAGAAU 
2384 UOSOCSOC OXSADCUiGGCOGAAAGGCCGAA ACOGGAO 
2399 CQCCACA COSADSAGGCCXS^AAGGCCOAA AGOGODU 
2401 CAGCDCA CDGAD5AGGCCGAAAGGC0GAA ACAOCTO 
2411 GCADCCa COGAXJSAOGCOGAAAGGCCGAA AOCAGUA 
2417 ACGOAOG CTOADGA GG OC G AAAGGCOGAA ACCAOUC 
2416 GGCCOGA CUGATOAGGCCGAAAGQCOSAA. ADCCAGU 

2425 AACCCUC COGAOGAOGCCGAAAOGCCGAA AOCCAOG 

2426 AAACOCa aXSADGAOGCOGAAAOGCOQAA AAXJOAAa 
203 GCDGGOA CDGADGAOOCCGAAAGGCGGAA AACOCOA 
2434 AOCOQGO COGAIXAOGCCGAAAGOCOSAA AAACOCa 

2448 G3GCAGG OKiAOQAGGCCGAAAGGCCGAA AGG QJU C 

2449 GGGOCAG COSADGMSGCOGAAAGGCCGAA AAOSCDU 

2451 AGGCA06 COGADSAOGCCGAAAGGCCGAA AACAOGC 

2452 GAOGCAG COi^DGAGGCCX^AAAGGCCCAA AAACAGG 
2455 GGGCAGG CCGADGAGGCCGAAAGGCCGAA AGGOJQC 

2459 GGGGGGG CUSAIX3AGGCCGAAAG0QCGAA AGOGUGG 

2460 CGGGGGG axmX»GGCCGAAAGGCX»Ul AAGUGUG 

2479 GOXIGQA COGAUGAf^SCCGAAAGGCCGAA AOGUCOC 

2480 GGAUCAC CCGADGAGGCCGAAAGGCCGAA ACGGOGA 

2483 GGUSGCU O^GADCSAGGCCGAAAOGCCGAA ACAUOGG 

2484 GAOJUAJ COGAQGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGG0GG3 CTOAOSAGGCCGAAAGGCXGAA AGGOOOJ 
2504 ACAAAAG COGADGAGGCCGAAAGGCCGAA AGGOGGG 

2508 UGGGAUG CJOAL^GAGGCCSAAAGGCCGAA AUGGAUA 

2509 CUGGUAA CJCAOGAGGCCGAAAGGCCG^A ACOCUAA 
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2510 GCOGGOA CQGAC3GAGGCCGAAAGGCCGAA AACOCA 

2520 CAUUGGG CQGAOGAGGCOGAAAOGCCQUl ACAAAAG 

2521 OGAGSSa aJGAOGAGQCCSAAAGGCQGAA A A CGO JG 
2533 GAOACCa C^GAOGAOGCCGAAAGGCOGAA ACCADCA 
2540 CACAfiCS COGADGAGQOCGAAAGGCOSAA ACCGCCG 
2545 AGGACCA OX^AOGAGGCCGAAAGGCCGAA ACAGCAC 
2568 OUOGACA OJGADGAGGCCGAAAGGCCGAA ACCUCAC 
2579 CAGGCCA CCGACGAG G CCGAAAGGCCGftA AACOQAU 
2585 AGAGAAC COGAXXSAOGCCGAAAGGCCGAA ADGCCAG 
2588 ASUAGAG aX»CGAOGOCGAAAGGCQ»A ACAADGC 
2591 AGGAGCA CJGAOSAGGCCGAAAGGCCGAA AGAACCA 
2593 GCASAGC OXSAOGAGGCCSAAAGGCCGAA AAAGAAG 
2596 CAOOGGG CCGAOGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA COGADGftGGCC GA AAGGCCGAA ACACSGU 

2602 GOGADGG C0GAX3GAGSCCGAAAGGCCGAA AGCDGGA 

2607 CCAGGOA COGAOGAGGCCGAAAGGCCGAA AX7C0SAS 

2608 CACAGCG a3GAD6AGGCCGAAAGGCCQAA ACOCCOG 

2609 UCCUGGU COGAOSAGGCOGAAAGGCCGAA ACADtXX 
2620 GCAGGGa COGAOGAGGCCGAAAGGCCGAA AGGOCCQ 
2626 GCCGGAA OJGADGAGGCQGAAAGGCCGAA AOOGMA 
2628 AGGCDAC COGAOGAGGCCGAAAGGCCGAA AGUG05C 
2635 AGGACCG COGATCAGGCCGAAAGGCCGAA AGCOGAA 

2640 GGCAGGA CUGADGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CJGOXsA OXSADGAGGCCGAAAGGCCGAA AGCOGGG 

2642 GAGGCAG COGAXXSAGGCCGAAAOGCQGAA AAACAGG 
2653 GCAUCCa COGAOGAGGCCGAAAGGCCGAA ACOVGOA 
2659 • COOGCAC COSADGAGGCCGAAAGGCCGAA ACCCOOC 
2689 CCOCGGA COGAtTSAGGCCGAAAGGCOGAA ACADOAG 
2691 GGCCOCG CTOADGRG GC C G AAAGGCCGJVA AGACAOU 
2700 GGGCAGG COGAOGAGGCCGAAAGGCCGAA AGGCOOC 
2704 AGGCOGG COGAOGAGGCCGAAAGGCCGAA AGAGGOC 

2711 COGCOGA COGAOGAGGCCGAAAGGCCGAA AGCOGGG 

2712 CCCO O CC COGAOGAGGCCGAAAGGCCGAA AGACCOC 
2721 COroCAC COGADSAGGCCGAAAGGCOGAA ACCCOOC 
2724 GCACACG COGAX^SAGGCCGAAAGGCCGAA AOGOACC 
2744 COGCACG COGAOGAGGC C GAAAGGCCGAA ACCCACC 
2750 GGOACOC COGAOSAOGCOGAAAGGCOGAA AOAAAOA 
2759 AGAOCGA COGAOGAGGCCGAAAGGCCGAA AGOOCGG 
2761 GCAGC^ COGAOGAGGCCGAAAGGCCGAA AOGOCCO 
2765 AGCGGCA CO3A0GAGGQCGAAAGGC0GAA AGCAaAA 
2769 CCUGUUU COGAOGAGGCCGAAAGGCCGAA ACAGACO 
2797 GGACCAU COGAOGAGGCCGAAAGGCCGAA ADOOCAO 

2803 CGCCOGG COGAOGAGGCCGAAAGGCCGAA ACCAOGA 

2804 COGCACG COGAOGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG COSAOGAGGCOGAAAOGCOGAA AOO GG AG 
2815 AAAGOOG COGAOGAGGCCGAAAGGCCGAA AGACOGO 
2921 CCOCCAG COGAOGAGGCCGAAAGGCCGAA AGGOCAG 

2322 AAGOCCG CJGAOGAGGCCGAAAGGCCGAA AGGCXC 

2323 "JCGGAGC COGAOGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 ADGADOA OlGMJGAGGCaSUUUSGCCGAA 

2837 CCAGAAG CXK»OSAOC«X3AAAGGCCGAA ACOCCU 

2840 CAGGC AC COGAOGAOGCCGmGOCCGAA Ag O CU CA 

2847 GGOSGCU CtXSAOSAOQCOGAAAOGCCGAA ACADDGS 

2853 AACAnAA CUSADSAGGCCGAAAOGCCQAA AGOCDGC 

2860 OCACACa COSADSAOGCCGAAAGGCXCSAA ACUOGGC 

2872 CUOGGCO CTGAOSAOGOCGAAAGGCOGAA AAGGUCC 

2877 GUGAOGG OXSADSAOGCCGAAAGGCCGAA AGCGGAA 

2899 AAGAX3CG OXIADGAGGCCGAAAGGCCGAA AAGOCCG 

2900 AAAACDC COGAIXSAGGCCGAAAGGCCGAA AAADOAA 

2904 AAZZAOAG OXMOQAOGCOGAAAGGCCGAA AOQAACa 

2905 CAADAGA C0GAr»U«XGAAAOGC0GAA AADGAAG 

2906 OAAUAAA COSATXatfJOOCGAAAGGCOGAA ACAOCAA. 

2907 AAAOQAA OXSAOGAOGCCGAAAGGCCGAA AAADACA 

2908 AGCAAAA CaSAOSAOGCQGAAAGGCCGAA AAGCODC 

2909 AGAGCAA COIAOGAGGCCGAAAOGCCGAA AGAAGCQ 

2910 AAADOAA COGMIGAGGCCGAAAGGCCGAA AAAOACA 

2911 AAADOAA OX^DGAGGCCGAAAGGCCGAA AAADACA 
29U GACAOOA COGADGAGGCCGAAAOGCCGAA AGAACAA 

2913 CX3ACCAG CDSAOGAlGGCCGAAAGGOCGAA AGAGAAA 

2914 CDUAUGA COGAOGAGGCCGAAAGOCCXSAA AAAAGCA 

2915 OCDAAAU CUSAOGAGGCCGAAAGGCCGAA AADAAAD 

2916 COCCGG A COSAEXaOOCQGAAAGGCOSAA ACGAADA 

2917 OCOCX lXiG CUGADGAGGCCGAAAGGCOGAA AACGAAD 

2918 COCOCCG CTOAIJSAGGCOGAAAGGCaSAA AAACGAA 

2919 CGACCCO OXSADGAGGCCGAAAOGCCDGAA ADGAGAA 
2931 COUCCGA COGAOGAOGCOGAAAOGCCGAA AOCOCCA 
2933 CCXrODCC CDGADSAGGCCGAAAGGCCGAA AGACCOC 
2941 OGGGGAC CTOADGAGGCCGAAAGGCCGAA ADGOCUC 

2951 GCAGAGG CIK3A30GAGGCCGAAAGOCCGAA AGCGOGG 

2952 CACAGCG CUGAP3AGGCCGAAAGGCCGAA ACDGCOG 

2955 OGACACA OTSATOAGGCCGAAAGGCCGAA AGDCACU 

2956 OOGADOC CDGAUGAGGCOGAAAGGCCGAA AAGGAAA 

2961 AGCJ3GC0 COGADGAGGCXGAAAOGCCGAA ACACAGA 

2962 AAUOAAD OXSAUGAGGCCGAAAGGOCGAA AADACAD 

2965 CUUUADU OISAUQAGGCOGAAAGGGCGAA AOOCAAA 

2966 CCTJOXiC CDGAOSAGGCCGAAAOGCCGAA AGCCAGC 
2969 AAAACOO COGADGAGGCCGAAAOGCCGAA ADDGADU 

2975 GCOGGUA COSAUSAGGCCGAAAGGCOGAA AACDCOA 

2976 AGOAGAG CDGADSAGGCCGAAAGGCCGAA AACCCDC 

2977 CAGCDCA CDSAtXSAGGCCGAAAGGCCGAA ACAGCOD 
2979 GGCAADA COGADQAGGCCGAAAGGCCGAA AGAADGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



at. 
Position 

U 

23 

26 

31 

34 

40 

48 

54 

58 

$4 

96 
102 
108 
115 

lis 

120 

146 

152 

158 

165 

168 

185 

209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
367 
374 
375 
378 
386 



HH Target aoqu«ne« 

OCtXSlCDU C CDOCDCQA 

aAcuuwj c oo ojucuu 

CC UCUUUU C UJUiUULU 
COQAAGCa C ACSUnUAC 
COCAAOSa A CA A QO CCC 
GAGAAOCa C GSQCroSS 

oocoGcccr c ocDcaocc 
ccc o Gcxu a oMocaooc 
CAAosoaj u ra Acc a aj 

CC CXLAjCU C a X J UMM) 
C O CC UU U U C CDG30C0C 
<5SAauaj U GOQGAACU 

ixxuAoca a osddooca 

GACACOSU C OOCAACDC 
UJ U UUGW C OOOQOGOC 
CCAGAOCa O GCSUCDCC 
ACCCQGCa C CAOCDCAA 

AuuucuTO c Aoaam 

GAAGOCDU C CQCSOCDOS 
GGGUAiAU C C GUUCA Qg 
<3^GCC0Ca A ASCDOOC 
GACCAACa A ACOGDGAA 
CAAGCOGQ U CjUUiUAQg 
CCXaAAOCa C GAC3U0COC 
Q QO CCC UJ A OCQOMGA 
CACOaOAl C AfiOGCSaOQ 
GAQOC3VAI7 a OCOCADQC 
GAAGCCUa C CaGQCOCG 
GAAGCDCa O CAAQCDGA 



C OGAQG MJ C ACAAAOCai 
ACWUUJU a XXSAQAACa 
l^-^'UAn A OQCSOCCOC 
AAGCUCUU C AAGCDGAC 
C A OSQV CU C CTCmjL ' UU 
CAADGOCa U CAACOCGU 
OTIACCCCU C ACOCACCO 

AGAAGoro u oc u m xxic 

AOCCACCD C ACAOGGOA 
OGCXUUU U UOGGAGCa 



nt. 
Position 

394 

420 

425 

427 

450 

451 

456 

495 

510 

564 

592 

607 

608 

609 

6U 

656 

657 

668 

677 

684 

692 

693 

696 

709 

720 

723 

735 

738 

765 

769 

770 

785 

786 

792 

794 

807 

833 

846 

851 

863 

866 



HH Targot Ssguoaci 



cssGGCGca a 
GCAcoocru c 
ccrocara a 

CCCCCGDU a 
AAGAACCU C 
GUiUA C ro c 

cccsscoa c 

OCCACCAXJ C 

GCGcaoccr c 

GAAAACGJ U 

GGGAGOAa C 
GAGOCAAa a 
AGCCAADa U 
GCCAAOOa c 
GVAUUUCU C 
GOCAOXro U 
QCACCGCa c 
GAACOGCa C 
GCACCCCa c 
AGSCAGO; C 
CauSA0CC7 9 
CGG ACl i U U' C 
G COJUiUU C 
CAGCACOD A 
COACAAC? U 
CAAUJUUU C 
CDCCDGOT C 
DCCDCCCa C 

aoxjUucu a 

O t UUUJ G U U 
CDOGCGOT C 
ACGCCDCa XJ 

O Gc cro w t7 

CDCCCXSCSCX c 

ocax:;cay c 

GCOCAGAU A 
CC TO GG GU XJ 
CCXSACAGa 0 

GCDCACca a 

CAACGGCU U 
CXaOGCTO C 



CTOAACAG 
CCAGOGCA 
CCGCCACC 
AAAAACCA 
AdCCQGCG 
CCOCAGGC 
CGCCACCA 
^CDGOGQA 
CGOOGGAA 
CCAACCAC 
ACCAG GGA 
COJCAUUC 
CCCADSCQ 
CCADGCOU 
ADSCDOCA 
CAAGAACG 
AAGAACCa 

CCAGCGCA 
CGGACUUCJ 
GGAACOOC 
GAOCt3t3CC 
CCGCCDCa 
CCCCOCAC 
C0CAGCX3C 
AGCDCCC A 
CwGGUOGC 
GGSGGGQA 
OSAGAAOT 
CCCCGGAA 
CO^SOAAG 

CCDOCCOC 
COGGUCGC 
DSAAGCOC 
OACCOGGA 
GS^SACDA 
AUuUAnUG 
tJAGCACCU 
CAAOCOGa 
CXCGACA 
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00 / 


GACCAOCU C CCCACCGSV 


1421 


007 


CUUUUCCu C UUSmjAAG 


1425 


oo^ 


MlAiGCro C AACCOGUG 


1429 






1444 






1455 


93o 


GTAGAGap 7 UUGUUUCA 


1482 


o^o 

S7o 




1484 




GMBUVKu A OIACUUUU 


1493 


2rao 


CraCAAOj U DDCAGCDC 


1500 


9 87 


uacaacto a qousoxx; 


1503 


968 


ACMQXJD a GAOCOOOC 


1506 


luQS 


UUCGUaAU C GUGGCQJC 


1509 


xuOO 


wSQQMjU a inUXMSS 


1518 






1530 




CSSauvMAoJ C A(j3UU3t3QG 


1533 


XWOO 


CCuAfcJUJU U GDOCQGUi 


1551 




AGAGkAiGu C UCAGGtfSl 


1559 




ASOOQaAu C CaGCOOCCJ 


1563 


1 1 9iC 

' 1 f J 


OOOCAACCT C QUGUUUA0 


1565 


«mLOJ 


ADGaCGCQ u cuuuuucu 


1567 


i 1 fit 




1584 


uoo 


JULU3JUJJ U UUbCUUXf . 


1592 




vJUbUAM/ C OOQOGOCU 


1599 




ADCCAAro C ACACOGAA 


1651 




uuuuucuu c occAcaugg 


1661 




OGULTJUCU C CACAOGGC 


1663 


1227 


^lOSGAACa C CAOGOGCO 


1678 


1228 


GOGGGClfU C GOGAOGSa 


1680 


1233 


oAxuiu; c cuoGuasc 


1681 


1238 




1684 


1264 


GSAAAGAa C AQAOOOSa 


1690 


12 o7 


GOCACOGa 9 CAASAAD6 


1691 


1294 


CASASMTO U OUKJUUCAS 


1696 


129a 


AfiAOGOGO C ITCAGCAGA 


1698 




ASCASACU C UQACADGC 


1737 




AACASASa C XTOGGGAAA 


1750 


^Jj4 


GQAOUOGCJ U OOGUiAGC 


1756 


1-944 


OCGGWCU C AOGOADCC 


1787 


U91 


^^CAOGOCa A AGAGGACQ 


1790 


1353 


TT&^3^^^3^^Y ftft^%ftftWMN 

WMtfWtt^jJ C AACaAuGG 


1793 


13^6 


AUMIACCT U OCCCCAGG 


1797 


13^ 


GGGOACDU C OOOCAGGC 


1802 


1368 


GAUGUGU C CQGCUGOC 


1812 


1380 


COGCCOAa C GSGAOGGa 


1813 


1388 


CTSGASACa A ACQGGAOG 


1825 


1398 


LUUjOXiU C ACAQGACA 


1837 


1402 


COGUXUU U GAGAACDG 


1845 


1408 


UUJUWAP C GUiUAiUC 


1856 


1410 


GSAACDAX7 C GAGOGGAC 


1861 



GGCAJACro C CCCCAGGC 
ACOCACCO C CULUjCjCU 
AUAOJUGU A GCOJCAGG 
'^C^AAGGCU C AGGAGGAS 
<3GGASCSIU C ACCAGGGA 
i tf *UAU C P O OCCCCAGG 

Aomjuj a carooGc 

CCKU jUJ a GGAGACOA 
OGIXjAAAD a AO GGU CAA 
®AAADGa a CCAAOCAC 
OSGGOCACJ A ADOSOOGG 
QCCACC AP C ACOGOGQA 
GUCUXJUU C GCCGODGO 
ACLUjUUJ C ADAADDCa 
CTSAOCAa tJ GCCGGCUU 
gXiUr OJ C DQCOCGOA 
gSOGAAOT C OC DUUU CA 

^'ocaAcca u osodccca 

OTACACCO A U UALU JC C 
ACAOCOAET (7 AOOGO CA G 
ACGAAGAa C AGGAQAOA 
CAQGAaAD A GAASGOAC 
^^'ACMGCa A CASAA8GC 

cma j L xij c ccosAscc 

CUUCACDU 0 GCOCOGGU 
GAACAGACT C AAOSGACA 
^^■AGAACCD C GGCC UG GG 
OGG C D U C U C CACAC3G0C 

QOCCTroa d ccosccTC 

QAiLUWJ A GAOCOCOC 
C00CACCC7 A CAGACADU 

oooGAcro a ogadcddc 

Uil^ w w w J C CGUGUCCC 
^^CAGAOnU A CCDOGAGA 
^SKKSiSXi U CAOGGOGC 
<S'OtMro A CAOCCACa 
C CUaXjOJ C C WGUCUJ 
^^ASAACCa C GOOCOGGG 
GACACOGiy C CCC3U«3C 
^ TOG UUCU C ACCOGGAC 
OOOCUUUU U AAAAACCA 
^COCMMJ A OACCOOGA 
A^OGAGIT C GGGGGAAA 
GCQG GCW C GOQACCGU 
GCCACCACJ C ACOSOGOA 
AOCCAOCU C ACAQOGOA 
^aOSA OJ C GGAOGGGC 
C CCCUA Ag C tPGACCOGC 
CAKWSOJ A OADGGOCC 
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1863 aADCCSG J A GAOaUG 

1863 raiCGACa C AIMAAAD 

1877 ACAGCftCU U CCCCCACG 

1901 CmAAACa C MiSGOACA 

ISU GAACASAU C iODSraCX 

1522 AOGOAAGa 0 AOCOOCUA 

1523 GGS;VCGCJ C A UJUUUA G 
1328 GC:X»S»7 A UACCOGGA 
1530 UGSAGACa A ACSCSASG 
1364 ASASAXaJU a CT G UCA GC 
1983 GAGAACCT C GG CC WU; 
19S6 GGGAASCa C OOCAAGCU 
2005 ADGOMGCT 9 ADOG O C UA 
2013 CSCtWCOJ A CC3MADG 
2015 C05CCTU7 C GSCStfXSSg 
2020 ODUnXSASa A CO CaG UA C 

2039 OGSAGCStfJ C ACAAAOSA 

2040 CCCGACC7 C CDGSAOGU 
2057 CCG GUC C' J C CAADGCS C O 
2061 CSCG OOIAP U OACSUrCA 
2071 AOACDCGa A GCCtJCaCG 
2076 CCOAOCCa C A GGC C U AA 

2097 CCAACDCT GODGOOSa 

2098 cCTGAcc:; c coocacca 

211S UCCCGAOT A GGi SOCC U; 

2128 ASCGCCGU A CCADSADC 

2130 GCCOTOOT c c g Gcaj c u 

214S CCAAOTC? U GUUjAUjU 

2152 TnXSASAAXT C UACMCTO 

2156 tXSlCASCU A UUUAUUUA 

2158 CGADGOACT O tSyOOMOU 

2159 GADSOAro XJ ACDMDDC 

2160 ADGQADTO A UOAADDCA 

2162 ACADDOCU A O OJUUGUU 

2163 UADOOAro A ADQCASAS 

2166 OGADGCBUT U GAnOMna 

2167 G A DGGATO U ADQAAZ70C 

2170 GDACJOOAn U AAUOCASA 

2171 CAGCUAnU XJ ATOGAGOA 

2173 GOTSCOAa A O GGU OJUC 

2174 XCTCOADU A COOO XXU 

2175 ADOOCODG C AOGAGOCA 

2176 GAAAADGG XJ CCAAOCAC 
2183 OSACASGG A UUUAUU G A 

2185 ACAGGOAn U tlACCGASa 

2186 CAGDOADa XJ ADCGAGOA 

2187 AGGGAUQG A OOGAGGAC 
2189 bUAUUUAi; XJ GASGACCC 
2196 CCGACA5U XJ ADOQADGG 



2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2250 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 



GAAWJULV C CGA GGU C A 
ASACSCUU A CADGCCAG 
^MaUMCUU C OCC CA CGC 
GGGO^UCU C CACAGGCC 
UUUUUJGU C AG C C A CW 
^^SGAGACU A ACCGGACG 
®»ACCa C COCCCGGG 
ACACA CAP U CCGACCCU 
C TOGACCG C AC3CCACA 
GCA05CUU C ACAGAACU 
^CAOGOJ C OCAGGACU 
CCCCCGUJ C C CUjUCiC 
ACOCAADU C ACACOGAA 

<3!^^oaasj XJ CAOSGCGC 

^X^CJ^Od^ C AC GGUUXI 
ADCAOGA0 A GACAAGTO 
GAGCAOGG XJ AACAOGOA 
GS^MCSSJJ C AnAC GGGU 
ACASGOAO U QADCGAGa 
GwCCUGGG C CDCCAADG 
C^^^SSAQAZr A CAASQGAC 
^S^S^MgSW C AaAOCGG U 
CUUUjCUU c oocacacg 
<1u»uacdu c ccccaggc 

<S^3GCCUGa C GGOGCTCA 
CCGCDCGU A GACCOCCC 
CCCUSCCT C CUCCCACA 
CCADOCAU C CCACAGAA 
CUUUXiUU C CCGGGAAG 

QMcoGco c ODOojcro 

^S^CUUCCU 0 COCCEADOA 
GCCGAOGG C UDUCAOGA 
CDGCULtlU C OJCDDOCG 
QSAUUUCU XJ OCAOGAGG 
A UULUfl JU C AOGAGOCA 
QADOOGGO A GACACAAG 
^^'^^^AD^ A OGDOGACG 
OS OSCqAU A DRSOCCTO 
CWUJULPOJ C ADGCDDCA 
ADCAOGAD A GACAAGDO 
^'^EXXXTU C ACAGAACO 
tJ 
U 
C 

c 

A 

c 



OGADQAAD 
CCGGGGGO 
CXIAGAGUO 
OGGAGGAO 
OSAACASG 
GAAGCCUU 
GGCOJ G W U 
GCCUGCGU C 



ausAuuuc 

GQAGACm 
CGACAGOO 
ACAAACGA 
CUOCCCCC 
OXSCCOC G 
CCUGCCDC 
CCCCCDKJ 
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2455 AGADTOOJ A COJUU C iUU 2761 

2459 C CC CJSCaJ C CUCCCACl 2765 

2460 CCOACCDU U GOQCQOA 2769 

2479 OOACACCa A OUACOSCC 2797 

2480 GOCGCCOT U GGGMCCC 2803 

2483 ACCUUUAJ O OCCAADSa 2804 

2484 CCroOSOT C CCAAD50C 2813 

2492 accacca c cccaocox 2815 

2S04 ACCmCAD A CADOOCOA 2821 

2508 AOraCAa U OCaaOCQU 2822 

2509 GMno OP C C3ACCUUU 2823 

2510 GCCCACCU A CACCUADU 2829 

2520 ACCODOCa U CCCAADOT 2837 

2521 COJUUGUU C CCAAOSOC 2840 
2533 ACaCCADD TJ ACCCCDCA 2847 
2540 ODGGDGOJ C AGGO A DC C 2853 
2545 AGSCAOCU C CGCacOTO 2860 
2568 CAfiACaro O OGWU C A g 2872 
2579 OCOSCaajr a OGCCCOSS 2877 
2585 COSCOCOT A GA CCXU C 2899 
2588 TOX'JCCU C CCACAQCC 2900 
2591 ClAOAAj m C OOOOCaAG 2904 
2593 lUCUAOa A CCOC U U aj 2905 
2596 COOCCXSGO C CUOGOCGC 2906 

2601 OGOGCOAU A a SGOCOJC 2907 

2602 QMMM M C GCCU UUUU 2S08 
2607 OTSGGAGU A OCAOOyfiG 2909 
2fi08 CUUUAOCa C CCGOGGGA 2910 

2609 txsausaca a acoqgaog 2911 

2620 OCAGAGOa C 05ACAGDD 2dl2 

2626 CTCOCAjGD A GOGC LU J U 2913 

2628 OACAACro U OCA GQXX 2914 

2635 OCACAfiA0 C auUTOCAC 2915 

2640 GOICA fiGO A ITOUJOCA 2916 

2641 OCCCAOCa A CAOACAOn 2917 

2642 GCCUUJUU C COGCCOOJ 2918 
26S3 OCACAOGQ C AOGGOOCU 2919 
2659 AGAAOOGQ C COGCAAOC 2931 

AOaCGGO C CTOAASCQ 2933 

2691 XC A OGCCO A AGASGACU 2941 

2700 AQQGUACP U CCOCOUJG 29S1 

2704 GAOCA CCU C CCCACCUA 2952 

2711 ooc mcca a AOGAAOGa 2955 

2712 OCOACCDU A GGAAOSOG 2956 
2721 QGAAACAD C AHAOGOGU 2961 
2724 AAGADCAU A C GGGWU G 2962 
2744 QOGOSGAtJ C CGOGCAGG 2965 
2750 OTCCCOro U UAAAAACC 2966 
2759 GAOGAACU A UCGAGDOG 2969 
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CG3ACUUU C GACCUUCC 
C OGCGGCCU 
DDCtX.'UAD a ACC CC O GC 
CGTO AAAD U ADGGUCAA 
COCAOGCU U CACAGAAC 
W3U3GCUU C ACAGAAOT 
<3COCrCA0 C CCGACCCU 
^SGACOTU C GADCOTCC 
OCOSACCa C COOGAGSa 
^^'^CAACDU U UCAGCUCC 
CAAUJUtU C AGCOCCCA 
'^COGWSaj C AGGOADCC 
CACAQGGa A COCCCCCC 
GQ OCCCO C CCAGCGCA 

^occca c AcccAcca 

tJDOGAKa 7 OCGAOJAG 
tICDDSOSa COCCGCSUl 
<W3CaWJ C GGCGCDCA 
^'SGAGDOT C CGIGCACC 
^^GQCAGaj C OGGACOro 

®*casAca ti CLUULucu 
Q^JQJ sgj c otJccocOT 
QGCic Aca a cc uuct ct 

GC'^XADGa A UDOAODAA 
CroCOCUU C CDC0D5CC 
^XSMXSUXa U aADDAAUU 
GftACOSCg C PDCCUCUU 
ACUULXJUU C OCCOtfJQAC 
UULUJULU C OADOACCC 
AUiUAUUU A UQAAXTUCA 
^^SDGOAOa C GODOQCAC 
GQADOaaU U AAI2DCAGA 
^3ACOaAIK7 A ADDCASAG 
COCQOCCU C OOGCGAAC 
COOOCDCa U GCGAAGAC 
ADOqC DTO C AOGAGOCA 
U UUUiUiU C AGCCACOC 
®«5GOSa C CCGOaGCC 
TX3GAQUCU C CCASCAOC 
C^fiO'^CDU C CCOCAGGC 
ACCAUXU U OCOCOGAC 
COOGACUa U CGADCDOC 
tJSCaUCCU C OGACAOGO 
OJUU.UJU a GAACCAA0 
UUUUaj GU C ACCCACCG 

^^sacaAro c godcccac 

CUiJLwAAa C AAOAAAGCJ 
^^^SGMOm C UDCAAGCU • 
®*DCAAO A AACODOOA 
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2975 UOCSAAGCa C WCMCCS 

2976 xaatjjasa c cocaccps 

2977 GAAGCOCa U CMfiOJSX 
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Table 10: Rat ICAM HH Ribozyme Sequences 



at« ]Uit BB Ribozymtt S«qu«nctt 
Position 

26 AAGAGGAA C O SR D SAGg C CSVAACSCCSAA AGCAGUUC 

31 AGGACCAG CTGWXacaCCSAAAGGCCCaA AGOGAGG 

34 GCAnJtfJCa aXSADSAGGCCGAAAGGCaSAA AGCUUCAG 

40 GSGSCODG C D G AD SAGG CCGA AA GS COSAA. AOCCOSAG 

48 COCAGG CC CDSAZK3AG3CCGAAAGSCOGAX ACSOOCCC 

^ COSAKSAGQCOQAiVAGGCOSAJl AG 50 G GGG 

58 GGSAGOA COSAOSAGGCOSAAAGGOGGAA AQSCAOG3 

M ACOOSOOS COGADSAGGCCGAAAGGCCGAA AGCCAOOG 

96 AGGACCAG COSAXXSAGGCOCSAAAGGOOSAA >GOJS?j::C 

102 GQGACCAG aXSSOXAGGCOGAAAGGCCGAA AOCAGGAG 

108 AUJUC LCC COTAXX3AOGCCGAAAG5CCGAA AGCAGOCC 

115 P SSGAACA CUSAXXaGGQQGAMGGCQGAA. AGSaaGGA 

119 GAGOroOG CaSADSAGQCGGAAAGGGQQAA AOGOSDC 

130 MC COjU; CDGADGAOOCCSaAAOGCCGAA ACCACAAC 
GGAGOOCC COGASGAGGCOGAAAGGCCGAA A GGUOJ GG 

152 UOSAGGCX; aXSATOAGGCCSAAAOGCQGAA AGCCGGGa 
U8 IXjACQOGU aXSAZTSAGGOOGAAAGGCCSAA AAAGAAAU 

G3GGGAAG OT5ADSA0GCCGAAAGGCCGAA A CJ G OUC A 

153 OGAGGC AG ajSADSAGGCCGAAAGGCCGAA AAOGCOTC 
CCroCAOG axaDSAGGCCGAAAGGCCGAA^ AOCCACCC 

209 GSOCAGAP CDCSA0GAO6CCGAAAGG00SAA AGS SGCUG 

227 D^CAGU COGAOGaCC^SSAAAOGCXGAA AOJDCGUC 

230 COXJOJUC CDGADGAGOOQQAAAGGCCGAA ACAGCQtXS 

237 GGgGlX ax: COQADQAOGCCGAAAGGOOSAA AGCDOCAG 

248 OOCUAAOO COGAOSAOOCOGAAAGGCaaU AGGGGGCC 

253 CWOCACT CDGADQAGGC0GAAAG3CCGAA AGGCAGOG 

263 GCADSAGA COGAPSACGCCGAA A GGCa33kA> AUDSGCOC 

2^ OGAGGCAG OXSADGAGGCCGAAAGGCCGAA AAlisSCDaC 

293 OC AOCUUG OISADSAGGCOGAAAOGCCGAA AGA GCUU C 

319 OOGOTOSCJ OXSAIJGAGGCCGAAAGGCCGAA ADCTDCCG 

335 AUWCUCA CTOAOGAGGCCGAAAGGCOGAA AOCACAGU 

337 GAGGACCX COSADSAGGCCGAAAOOCCGAA AOAOCACA 

333 COCAGCOO COSAXXSAOGCOGAAAGGCOSAA AAGAGCTO 

359 AAGC0GA6 CDGAOSAGGCCGAAAGGCCGAA ACDGCGCG 

367 ACGGGUUG COGADGAGGCCGAAAGGCCGAA. AGCCADCG 

374 AOCOSGGa OXSAOSACGCCGAAAGGCCGAA AGGGGOJUl 

375 GAOGCAGG COGAOGAGGCCGAAAGGCCGAX AGG CUUCU 
378 UACCCOSa COSAIX»GGCCGAAAGGCCGAA AOGUGGGa 
386 AGCUCCAA CUGADSAGGCXGAAAGGCCSAA ACACAGCG 
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CCGODCAG aXSADGSUSGCQSMAOSCCXSU AQCACCAC 

UjUUiCflG ClX»DSAGGCtXAAAC»CCGAA AOCOSWSQ 
CTKUODOU CaSAPSaOSCCGA AM CgCOGA^ AACAGGGA 
COaOCaP CDGADCSaOGCCOMMSCOSfUl A GGUUCUU 
OCClWj b CaSAZXaOGCCGAAM»rCSAA AAGOACCC 

cxssasQcx axsuxaGSQOSAAjysacoGsui aacccgag 

Q^C^Q Ca aX3AP3MGCCGAAAGQCOSUl AOSGOGGC 
CreCT a GSCCGAAftGSCaSAA AiC AUUmi C 

TOOXCT cosaixaflQOOGAAAGsoosAA Ana c a ccc 

GCAOSAGA CXISMISAOXCXSUUySGOOGiUl ADUG3C0C 
AOaUXSAG ajSAOSAGSCOSMAOGCQCAA AMDDGSCD 
AA0CA03A axaMXiACGCCtSAAMQOOSauw AAAtTOSSC 
O SAAGCAD CDGADGMGOCGAAAflGCCSAA AGAAADDG 
Q P^-^wi COGAOSAOGOaSUUUSQOQQAA JOGOGAC 
ACMOCOa CajSATOOCXCGAAMGOaSAA. AACAGUGA 
AM A O G AA COGADSMSQOCGAAAOOOOSAA AGC3\GQCC 

Qg Qsaw; axapsAogccGAAAOGcasAA ago gsugc 

AAAGOOOS GXSAOSAOG00C3UVAO0C08AA AiSC tXlKXU 
OGAGTOOC C TO PSAGGOOGAAAGCSOOGAA AOGOCOSG 
GCaA^C CXXSUXSMCSCOGAAAOOOOSAA AAAGOCCG 
^^Sa OGCAG aXSAOSAOGCOGAAAOOCCeSAA AAACAGGC 
(^ X^GQG G COSUrauXSCOGAAAOGCCSAA AAAD5C0G 
gfl^^^ SAA COSADSAgOCCGAAMQOOGAA A UJUUIA G 
^«3SA0Ca CraaCMQCaSAAAGOCCGAA AAAAGOUG 
QOSA CCAG CaSADSAOGCCGAAAGGCCDGAA ACCAOCSAG 
^^^^taccx i C CimimQ nmm i ftM g^ ycPS A A AG3CAQGA 
O0SAZXaOG00SAAAOC3OGGAA MCACXGU 
roOOOGG aXSADGaVQOCCGAAAGOCOGAA ACACAAGA 
CUDOOGG COGAOSAOGOOQAAAGOOOGAA AACACAAG 
AGGCAGGA CTOAIXSAGOCCGAAAGGCCGAA AQ W S GC C U 
GAGGCAG6 s,lAiatKW y j n3jiAAAGCiC T1t jA A. AACAGGOC 
00»OaC CraaSAOOCCGAAAGGCCGAA AOCAGGAG 
OOCDOCA ClXaxXaGQCCGAAAGGCCGAA AGOCAGGA 
UOnOS^ OXSADGAOOCaSAAAOGOOGAA AOCDGAOC 
UKXJOKC OXSADSAOOCOGAAAGObCGAA AOOCCAGG 
CAADAAAP CTOMX3AGG0CGAAAGGCCGAA ACOSDCAG 
AGCroC^ COaAraOOOCGAAAOGOOGAA MGDGAGC 
CtXSgtfl5AG0CCCaUUU3SODGAA AflOC AUUCi 
OS OC^CAO axSMXaOOCOGAAAGGCOSAA AASCADGG 
Q^fc^'^'^ ^ axaXX5AGGCCGAAAGGCC3GAA AOGDSGQC 
Cm XJCAA CDSaDSAG0C0GAAAGGCa3AA AGGAAGMS 
COGA DMtfSGCORAAAGGCCGAA AAOCCADU 
^^OCAC RGa CDQMK3AGGCCGAAAGGCCGAA AaTOOGOC 
COSGGAAC COaixaGGCOGAAAQGCCGAA AADACACA 
O SACACAA aX^AXXSAGGCOGAAAGGOOGAA ADCOCOGC 
AWWOOTA COSADCaOQCOGAAAOGOCGAA ADOCDCAA 
AAAAGUro COGWSMGOOGAAAGGCCGAA AGADOCOC 
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986 GA GCOGM ^ CDGAIKSAGacCGAAAGGCCGAA AGCCGOAC 
GGftGCOGA COGAIXSAGMCaAAGGCCGSU Aft UJUWA 

1005 GACGCCAC COSADtaOGCCG^AAGGCCGAA ADCACGAA 

1006 ccTOGoa casADGAgxasAAaoc^^ Aojccac 

1023 CUUUUAiA craTOAe^Ca3AAA0XCG^A ACCDCC35 

1025 CCCCUUCU CUGraGSWSGCCGAAAGSC^^ AS^CCOCC 

1066 UUjUI U C CDSAQGAG30CGAAACSCCS;UI AAGSOAGG 

1092 UaXSCOOA OXSRDSAGGOOGAAAGGCCGAA AOCCCC OJ 
^tf aOGC C U COGADSAGCaCSUUGGOaaA AZXCCCC? 

112S ADZAACAA aJG m SXaC O ShS M SGCOGASi AGCOGGGG 

--S3 AGCXAAAG COGAOSAOSCCGXAAOGCCSAA ACCGCCCa 

1164 GAGCAAAA aX5M»A0C»DGAAAGSCaSAA MGCGOCG 

1166 CAGAOCAA CTOAZTSAGSCOSAAAGQCCSAA AGAAGCSQ 

1172 AfiGCOSCA COSTOOXXrauUGGCCG^ AGCAAAAG 

1201 ^■■' ■^^^uqga casAroaGcacaAJu»xx^ aaggccax 

1203 GAcccros casaraeaooAAjysGooGAA Acsuyococ 

1227 AGCaCAOS OTSMXMCSCOSmGGCCGAA JUWDCCAA 

1228 AOSADCAC aXSAIX»3GCCGAAAGGCCaAA AAGCCCGC 
1233 GCGACCAG CraOSAGGCCGAAAQSCCGSU AOaSCSaC 
-^38 GAGOaCCA CWWXSaCGCaaAAOGCOSBU AZfiUSCaOl 
1264 A CCCUUA P COaDQUKXXSaUAGGCCS^ ACCTOOCC 
1267 CADOCOOS Cra«SAG90CGAAAOGCCS^ AOUSOGAC 

1294 COS ^CACA CTOAIXSAGGCCGAAAGGCCSAA AADCCCCG 

1295 OCaSCOGA COSAOSACOCOQAAAGGCaaVA ACCC CU C U 
1306 GQPGOA A COSADGMOOCGaAAOtSCCGAA AOTCTOCU 
1321 UUtLUJLA COSAXXaCGCOGAAAGGCCGAA A QJUJUJU 
1334 GCTCTOGG CTOtfXSACQCOiAAAGGCaSSUl AOGAADAC 
1344 GGADACOJ CraTOOOOOSaAAOOCOSAA AGCACOGA 
1351 AG UOJUCU CasaiX3aGGC0GJUU««CGAA ACCCOJGA 
1353 CCADUaJU OTSAKSAOGCOGAAAGGCCGAA AGCDGCCA 

1366 CCDOCSOS aGWKAGCRXGAAAGGOaaA AfiOACOCa 

1367 GOCOQGGQ OXSMXaOGCOGAAAGGCaSAA AAGCACCC 
2^63 GGCAOCGS CCXaDSAOGOCGAAAGCSCOGAA ACAOODC 
1380 AOCAXXXC COSATOACOCOGAAAGGCCCSAA ATIAGGCAG 
1388 CADCCAfiU CaSMX3A<»XGAAAfiGCCGAA AGDCUCCA 
13S8 I MULU^U CraDSAOOCCSAAAOGCCGAA ACSOCCAC 
-402 CACDDCOC COGADSAGGCOCSUUOCCCGAA AAGCACAG 
1408 GMOO CAC COSAOSaOCXXXSAAAOGCaiSUl AOOOGAA 
1410 G Og:AC0C roSATOAGGCOGAAAOGCOGAA AnAGODOC 
1421 CCCDGOOS COSADSASQPCGAAAOQOCSAA AACOACCC 
1425 ACCCAfiAC OWADGAOSCCGAAAGGCCGAA AfiGCCGGO 
1429 CCCGAGGC aXSATOAGGCCXSAAACCCCGAA ACAAGOAD 
-^^^ aXCCCCU CroADCaOOOOSAAACGCOGAA AOO CUUCU 
^*S5 OCCC UGGa aXSADGACGCaSAAAGCCOCSAA ADACOCCC 
^^82 CCTOGOGG CTGArxaCOCCCaUAGGCCGAA AGQACCOJ 
1484 GCA AGAGS CDGAOGAGGCCGAAAGGCCGAA ACSUSCAGO 
1493 OAGUCDCC CTOWDGAGSCCQAAAGGCCGAA ACCCCAGG 
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1500 OOGACCA D COGATOAGGCCCSAAAGGCC^ ADOOCaCG 

1503 GTOOTOG COaDGAGOCOSAAAGGCCaSUl AOtfJOTOC 

1S06 CCAACAAU CtXaoSAOGCOSAAAflGCaaA ADGACCCA 

1509 UACaCAOT CTOATOAGGCXXSaAAGCXrt^ AaSGOGGC 

ISia ACAACQC5C CaSATOAOGCCCaUUUJGCaSAA ACCAOGAC 

1530 AOADOAU CTOAOSMGOaaUAGGCOGAA ACCCAfiGa 

1533 AAfiCCCGC COBAOGMCSCCGaJUOGCaaA ADSaOCftG 

1S51 aaOSAGCX CO(»roAGGCCG^AAGGCOGAA AGGGC CA C 

1559 OU^ACAOG OXSaTOAGCKXGAAMGCO^ ACOTCCCA 

1563 OSQGAAC X CDa Mm <»X» A a G S CO QAA AOSOOIGSJV 

1S65 qOMGUAA aSGAOSAGGCCGAAACSCCGAA AOGOGOAA 

1567 OmjUW OXSAOGAOCSCCGAAAGGCCGAA AXOyOGOGU 

1584 qmA OCCU COSftZXSMGCOGAAAGGCOGAA ADCODCOJ 

1S92 CPftACOCG COB A OS ft CGOCGA A AOGCC G AA AmDCCOG 

1599 UJLWL W aWMGAGQCCGAWUSCXX^ AACOTGOX 

1651 QSiS JC^ aWUraOOOOGSUUlOGOO^ AGGCGQGG 

1661 A C C AGG U C aX3SUD8AGGCa3UUW3000GAX AAGOGOG 

1663 ocsooaro axsjuosAocxxxauuysooosAx auluwu c 

O OCAGQCC axaDGAC»OOGAAAGGCCGAX AOGDOCDC 

1680 Gaccosos axsAroAGcxxx33uu«x^^ AcaAcscd: 

1681 GMGOGG CDGAOSAGGCOSAAAOOOCGAA AAOflGCC 
1684 GftGAOGOC CTOMXSAGGCSGAAACGCCGAA ACGSU3CAG 

1690 AAD3OA0S CtWAOSMSCCGAJUUXSXSSAA UXXXSGQS 

1691 QVACaCCG CTOAIXSAGCXXXSAWUSGTOGAA AACDCCOC 
1696 GOSACQ G COGAOSAQOCCGAAAflGCasUl AOTUWAO 
1698 ^^-^ ^-^^ CaSADSMGCCSSAAACCXrcSAA AlftDCDGA 
1737 GCACCGCX3 CWSArXSAGGCCGAAWWTGAA MGOGADC 
1750 AAOAGGOS aX3aa»0GCCGAA«X«XaUl AAADGCaC 
1756 j^QGR OOG COGADGAOGOOSAAAGOCOSAA AGOySAOG 
^'^^ OC C A flOOC COSMXMOCOGAAJ««GAA AGGDOCDC 
1790 CTUJUiU; CraoSaCOCOGJUUyQCJCCGAA ACAGOGOC 
1793 CTXACOT COSUTOAOCSCOGAAJUSGC^ AGSACCW 
1797 roSODODU CXSAOSAGCJCCGAAMacaSWl AACAGGGA 

OTOOGOA CTOADGAGGCOGAAAGGCCGAA ADCOGAGC 

1812 DOOCCCCA COGADGAGOCCGWUUSGCCGAA A CUtUAJU 

1813 AOSVOCAC COSMXaoCXXGAAAGCSCXGAA AMOXXJ C 
; ^^ KhCKXJ aXSaWaOGCCQAMGGCC^ ADSGQGGC 
1837 TOCOCOOT CtXaOGAOGCCGAAAGGCCCaA AGCSTO3OT 
1845 QOCaXUCC COTMKACGCCGAAAGC3C0QAA AG OUAJCU 

GOGQKZX COSAOSAGGCOGAAAGGCOCBUl AOQAGGGG 

1861 Go^cank craixaoc«3Qmc»xc^ agcacadg 

1865 OAMXiUC CTS M XaGGCOSaUUUacCGAA ACOSGADA 

1868 ADDOAnAD COSADGAGGCCGAAAGGCXXAA ACDCGOGA 

1877 CCrosCSGG COSMSAOGCCGAAACSGCCCSAA ACOACDGa 

1901 OGPaOC OT CDGAOSAeGCCGAAAGSCOSAA ACDOUUAC 

1S12 XXRICCADU aXSAXWAGGCCGAAAGGCCGAA ADCDGUUC 

1922 OMCCAAU CaSAXXSAGGCCCSUmCGCCGAA ACOUACAU 

1923 OftAAfiGU OXaiXSAQGCOCauuySGCOCaA AGCGOCCA 
1928 GCCAGGOA OXSADGAOGCCGAAAGGCCGAA ADCOGAGC 
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1S30 CACCCAGa COGAIXSUS GC C SA AMGCCGAA AODCOCCX 

1S64 OCOSAOC COGADSAGSCOGAAAOGCCGAA AAAOCDCD 

1983 COCAOGCC COSftDGft OG Ct X a a A^SG Ca saU^ AOGDDCSC 

1396 AGCDOGAA CUGASGAGGOOGAAiUSKQSAA AGCOOCCX 

2005 raOGCAAD CDSADGaOGOOGMAOGCOCSU. ACDOACAa 

2013 CAOQCOGA CCISAD5A09OCGMAOGCOQAA AOGGyOCS 

2015 ACCADCCC Ca»OC»OGCa3JUUU3CXXS^ AtAGGCAC 

2020 GOACAGGG CCGADSAGGCQGAAAGGCOIAA ACOCAAOX 

2039 UOUJUUUU COGADSAGGCOCaUAGGOOSAA ADOCDCCG 

2040 ACCOCCAG CDSACGAGGCaSUUUSOOOGSU AGSOCAOG 
2057 Afl C C ADW CCGADSAGGCOGMAOGCCGAA AGSACCAG 
2061 UAGGOSOA COGADGAfiGCCGAA A G G CO G AA ADSGAOGC 
2071 C CO GAGG C CPGAPSAQGCa3AAAGGC0GAA> ACAAGOAa 
2076 OTA fi GOCa COGADGAGGCOSAAAGGCCGAA. AGGCQACA 

2097 ACADOAC cuqaDSACTPGIjAAAGGOCGAA AGAGOOOG 

2098 AOCOQCAG COSAOSAGGCOGA A AQGOOGAA. AOGOCAGG 
2115 CAOGAOCC CDGAD5AGG00GAAAOGOCGAA AGDCX3GAA 
2128 G AO C AOGG CDGAPSAGGCOGAAAGGCaSAA ACAOCACD 
2130 AGAGGCAG CDGA0GA GGC O GA AAQGCaSAA> AAACAGGC 
2145 ACAZICAAC COGADGAGGCCGAAAGGCOGAA AGAGOOSG 
2152 AAGOCXnA C O G A PSAGOCCG A AAGGCOGAA. AODCDCAA 
2156 OCAAQAAA rmamaflryy^ftftffQPf^s^ AACOGOCA 
2156 AAQOAADA aX»IX»OGCCGAAAGG00GAA AIOACADCA 
2159 GAADUAA0 COGADSAGGCOaUkAOGOCGAX AAnACAOC 
2160. OSAAOOAX CGGAOSAOGCCGAAAOGOOGAX AAAOACAZT 

2162 AACAA AGG aX^XXSAGGCOSAAAGGCCGAA AGGAAX7S17 

2163 CUCUSAAD OXjAOGAGGCCGAAAOGCCGAA AAXSUVAUX 

2166 AADOAAOA COGAIXSAGGCOGAAAOGCOGAA AHACAOCA 

2167 GAAUOAAU COGAOGAOGCrGAAAOGCCGAA. AAOACAOC 

2170 XSOGAMm COGAX3G A GGO0S AAA OGO0GAA, ADAAADAC 

2171 UACCCAAn CD8AZXSAGGO0GAAAGG0CGAA AAZIAACaOG 

2173 GAOGAOCA. COGAOSAOGOOGAAAGGOOGAA AnAGCACH 

2174 AGOUaGGG CDGAUjAUSCCGAAAGGOOGAX AAZXAGAGA 

2175 U5ACWGU aXSADSAGGCOGAAAOGCOGAX AAAGAAA0 

2176 GOOGOOSG COSADSAOGCCGAAAOGOOGAA AC AUUUU C 
2183 UCAAOAAA OXSAZTSAOGCCXSAAAGGCCGAA AACOGOCA 

2185 ACQCAAOOl COGA03AOGCOGAAAOGOCXSAA AOAACOGa 

2186 OACOCA A P C0QAOSAOGCG6AAAOG0CGAA AAQAAOIS 

2187 GOACOCAX CDSADGAOGCOGAAAGGCOGAA AAADAACO 
2189 GGGQACDC fTCATy afWYifa a jg v( yg^ ;y CT\^ ADAAAOAil 
2196 C A A OAAAP CTO «AiA UXt,,t ;AAA flGC a 3AA ACOGOCAG 
2158 OaAO Crou COSAX»U3GCG6AAAOGCOGAA AGACADUC 

2199 COOGCADG C05ADSAGGCCGAAA0GCCGAA AAGAGDCO 

2200 C OLUU»W CTSAOSAOGCOSAAAGGCCGAA AAGOAOCC 

2201 GACCD50G COGADGA0GCCGAAAOGCCGAA AGAAOCCC 
2205 CAGOGGCU CTOADGAGGOOGAAAOGOOGAA ACACAAAA 
2210 CADCCACa CTGADGAGGCCGAAAGGCOGAA AGDCOCCA 
2220 COCAGGCC CDGADSAGGCCGAAAGGCCGAA AOSUOCQC 
2224 AACGOAGG COGAOGAGSCOGAAAOGGOSAA A0G0AD50 
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2226 X XXJOSCCa COGACXacsrsUUCGCXCSAA AGGOCCAC 

2233 ACDDCOGO COSaDGMCJCOGAAASGCCGAA AAGCADGA. 

2242 ACOAaXai COSMXauWCOSAAaOOCOGaA ASCDGCGa 

2248 ocsaccac ctxaDGAccRXGaAAsscasAA AaacGAfi 

2254 roOOTGO COGAOaaGMOSAAACXaSAA AADCGCaa 

2259 GQC CCUG CroaTOAGQCOCSaUVASSOaaU ADSCGaUC 

2260 * oc»coGo casMxsacoooaAAfiaaxaA aacgogao 
226fi M^» uwuA cosADGasecaauAGscasaA AccccGaa 
2274 P»CAoro a ctiaiysaoorcfa u vAs s ocGftA acccoccc 

2279 ACCOGOAD COSAOSaOOCasaAAfiGCaGJU ACCCOCCC 

2282 A Cqgun A, axaOSAfiGOCSVAACSCCSAA ACAACOOT 

2286 CADDGGAO aXSADOAGSCCGAAACGCaSAA ACCAGS3C 

2291 qqAACOOS COSAOSAfiCKMSAAAGaCCGAA AIIADCCCG 

2321 AOCeaOAD COSaOSAGiSOCSaAACSCOSAA ACCODOCC 

2338 v.aiwA*A COBAOB A OOCaaUVAGSOCSAA AAGCCCAA. 

2339 GCLIAiUjU COSADSAISOCCGaAAGOOCGAA AAfiOACCC 
2341 OSAOaoc aXSAWSACacCGaumCGCOGAA ACACOCCC 

2344 gAgA Osos CTTB A nBAflcnnmuva oo coaui Acsnocas 

2358 OSroacag aJOWSAfiGOOCBUUMSeccSAA AfiCSCACGG 

2359 CTA:TAiUW CtXiAaSAtSXXaaAAGGCCGAA AEG5ADGG 

2360 COWCAGG OASADGAGGCaSAAMQCaJAA AACACAAC 

2376 AAGAGGAA COESAnGAOQOOBAAAGOCOSAA AGCACDOC 

2377 PRMnCAG axaDSAGOXSSAAAGGCaSAA AG5AAGDC 

2378 tfCamAAA COSAnSAGGCOGAAAGGOOGAA AAACCACC 
22"^' OKAAGAG COSADGAGSCCSAAAGOCOaAA AAGAfiCAC 
2380 ACTOGOOA CWSAIXSAGGCaSAAACGCaSAA AGAAADCA 
2382 qSMOCSP COBADBAOOCCBAAACGCOGAA AAACAAAD 
2384 CDWOSOC CDGADSACGOCGAAAGGOOSaA ACCGGATO, 
2399 CGDCCACa CDGADSAGGOOGAAAfiQCOaA AGaAOOOA 
2401 GAGGACCa CD3AIX3AfiQCa3AAACSeCGAA AmcCACA 
2411 q SAAGOU; COSADBAGGCaSaAAGOCaSAA AGAAADOG 
1.71 COGADSAGGCCGAAAGGCOGAA ACCCDGAIT 
2418 AGODCDGO aXSATOAGCCaaAAfiOCtaSAA AAGCADGA 

2425 GA ACOCOS aXSAOGAGGOOSAAACGCOGAA AOOAAnAA 

2426 OTOTTO CaSAOSAOOCCGAAAGGCCGAA ACCCCAGG 
l^l ^^^"'"^ CWSATOAOGCaSAAAGGCCGAA AACCCDGA 
2434 OCGODOSa OXSAOSAGGCCGAAAOGCCXaUl AXXTDCCG 

2448 GOGOGAAG COGADSAGOCOSAAAOGCCOAA ACCGOOCA 

2449 OGAOGCAG COGADGAG0CCS3AAA0OCCGAA AAGGCUOC 

2451 OtGGCAGG COaDGAGGCaSAAAGGCCGAA AACAGGCC 

2452 AGA0GCA6 COGADSAGGCCGAAAOGOCOAA AAACAOGC 
2455 AACAAAOG aXSADGAGGCOSAAAGGCCGAA ACSAADGO 

2459 OtSJBOGAG COSAOBAGGCCOAAAGGCCaAA AGGCAGGG 

2460 ITOGGAAC CDGADGAGGCCGAAACGCCaAA AAGGOAGG 
nil CCGADGAMraAAGGCCGAA ACGCGOAA 
2480 GGGADCAC CDGAOSAGGCCGAAAGGCCGAA AOGOSAC 

2483 ACADOSGS COSAOaCSCCGAAAGGCCOAA ACAAAGOO 

2484 GACADOGG COGAOSACGCCGAAAGGCCGAA AACAAAGG 
UACGUBGS CDGADGAGGCCGAAAOGCCGAA AGGCCGO: 
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2504 ORfiSAMXS CCGXOSAGQCCGMMiSaOGAA XXXOOGO 
AACSSORGG OXjWXaCGCOGAAAGGCOGAA XXSaOXSJ 

2509 AAACOWC COSADCSRGOOOGAAMOOOSWl AAOGQOUXS 

2510 M mosos CDSAOsaGGcaaAxoscoax aaacggac 

2520 ACaODBSG COSAOCaaGOOQAAAOOOaSM. AOUUVfiea 

2521 Gatauoaos "r sa n^x y y rr a a ft cac ceAA. ^Qjj^jg 

2533 OGACGOGO CTOICAOGCaauUiOGCaSAA AAOGCOGO 

2540 Gg AOACCq COSAIXaeGCOSAAAOOOOGAX AGCaCCGA 

2545 AAAOAXg C O SADBA flrannft a > < a{ VA AGCOOOCtJ 

2568 C XaCACX axaWAOGCCGAAAOQOCSaui AAOCOCCG 

2579 COUSGGCA COGAOGAOSOOGSUUtOROSBU AGOGOUESS 

2S8S G^aOSOe CaSAOSAfiGOOGAAAOGOOGAA AOSaCCAG 

?!f f OBADSAflcaMSAAACOCCBAX AOQAOIXA 

2581 CroOOCAX OXaOSAfiSCCGAAAOGCOQAX AGSAAfiAS 

2593 AOCAOQOG COSAOSAfiOOOGAAAOGCOOUl AMDnCAGA. 

259$ <W»0CA O CD5AD3A00006AAAOQOOSAA ACCA0GM3 

2S01 SAO SACCA CTaAOSAGCOOSAAAflOOCOaUi ACmGCAai 

2602 ACAACOGC CaSAIXaOGCCGAAAOOCaaA ACCACGAC 

2607 caxSOTOA COSAOSAfiGCOSAAAfiGCOSAA AOXXCAC 

2608 OOCCAOGG frmnre i r a ryx T aA Anrr n caul AGCOAAAG 

2609 CA DCCAflg aXSATOAOSCCaSAAAGOCCaAA ACDOJOCA 
2620 AAOXmCA CDSAtXaCQCOSAAAGaCaaAA AACOCOGA 
2626 AOCAflCAC CTOAOSAOGCCSAAAOQaXSUl ACOGAfiAS 
2528 GGAGCTOA COaiXSAiWCOaAAAOSCaaA AACOOGOA. 
2635 CaSAADTO OTAaafiGOaaAACGCOGAA AOUJUJgA 

2640 0GSAD3GA OBAaaaGOCGAAAOXCGAA ACOXacC 

2641 AADGOAOS COaAOSACQCOGAAAGGCOGAA AOGDSGGG 

2642 AfiAOGCAC COBADSAOGOOGAAAGOCCSAA AAACAOGC 
,S: AOaOOCa axaOSAOGCXSAAAOOCOGAA ACCDGOGG 
2659 GOTTOOG COSAOSAGOCCSAAAGGCCSAA ACCCOOCa 
2689 A QCOOeAG CDSAOSAOOCCGAAAGGCOSUl AOOOaa; 

^'^OSAOOOOSAAAQGOOGAA AflGCC UUA . 
^•^ -V'****' COSADBAGGOCGAAAOOCOQAA AGOACCCO 

2704 x naaxui cdsaosaooccqaaaoscqsaa aggdggoc 

Jl'i oxarouwxaAAAfiooccaA aogoaggo 

,2; OKADSAGOCOSAAAOSCMSAX AACCOAOG 

3721 ACOOOOAO CCXaJXaCQCOGAAAOSCOGAA ADCODOCC 

2724 CA AA C C CC OnAOBAOOOOGAAAOGOOGAA ADGADCOU 

iltt (XXJOC^ OTi A nB A fl O CC C AAAOCSOOGAA AD0C3UXC 

2750 QGDDODOA COSADSAOGCCXSAAAGGCOGAA. ACAQQGAC 

2759 CCACOaOA C n BAnaf W CaaAAfl G CC C AX AGOOCOac 

III: CDGATOAOGCCXSaAAOGCCSAA AAAGDCCG 

2765 ACGCOOCA CDGAraOGCOGAAAGGCCOAA AGOUUUUS 

2769 GCACOOGU OKAnSAOGCCQAAAOOCOGAA AQASAGAA 

nil ^JVSma CtJGADGAGGCCGAAAOGCaSAA ADOTCACG 

nil COGAOaCGCaSAAAOaCCGAX AGCAOGAG 

2804 COSADSAOOCOGAAAOOCOGAA AAOCAOGA 

28-3 AGGGOCAC CTOUXaGGCCQAAAGGCCGAA ADOGSAGC 

2815 GGAAGADC COSADSAGGCCGAAAOGCCGAA AAAGDCCG 
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2821 ACC0CCW3 COGAIXSAGGCCGAAACSGCCGaA AGGCOyQG 

2822 GGAGCOGA CDtMGAGC3CCaAAAGC»3SU AAGOOSOA 

2823 CGGGAGCU OK^DGAGGCOGaAAGGCCGAA AAAAGOOG 
2829 GGAiaCCa COGAlKaU«XGAAMGCCSaA itfXacCGX 
2837 GG3GQAA6 aXSAZXSAOGCOGAAASGOOCSU AOCCDGGG 
2840 CGCCCTOG COTOTAGGCCGAAAGOCOSAA AGGGGOGC 
2847 AGG OSgCT aX5A0SAGC5CCGAAAG3Ca3A;i JUSSSSOXA 
2853 CmC GOKg CX»CX»G3CQGAMGGCas;u AGAOQQAA 
2860 0OCCAC5G OXSADSAGSCOGAAAGOCayVA ACICAAG;^ 
2872 tXSAGncC CDSAZXSAGGCOS^UUaiOOGnA AOGQCCC 
2877 GCSCGCCGG COaAPSaCgCCXSaAMSCOGAA AACCCCA 

2899 AAAGGCOG CXXSMXaaCSCCGAAAGGOOSAA A GCT GC OJ 

2900 AGAGAACO OX^ADGAGSCOQAAAOGCOGAA AGOCU^CC 

2904 AAGAG3AA OXSaOSAGGCCGAAAGGCCGAA AGCACTCC 

2905 AGAGAAGS CaSAOSaGGCfT a ft A G G CC G AA AGOOGCC 

2906 UOAAnAAA C O SAPG A GraC CGA A AG OOQSAA ACADCAAC 

2907 CSCAAGAG C0GAZX2AG0COGAAAG0C0GAA AKAGCAG 

2908 AADDAADA CTOArXSAGGCCGAAAGSCCDCaA AlttCMCA 

2909 AAGAGGAA COGATOAGGCCGAAAGGQOSAA AOCAGOOC 

2910 gUAAP gUSA CDGAZX2AGGOCSAAAGGC08AA AAGGAAG7 

2911 <Jsj>jwiA D A CDGADGAGGQCGAAAGGOCXSUi AGAAG6AA 

2912 OGAAXTOAA CDGADSAGGCQSAAAGSCOSAA AAADACM 

2913 CCGS GAAC COSAXXSAOGCaSAAAGSOOSAA AADACACA 

2914 UCDSAAnU COSADSAOQCaSAAAOOGOCSVA ACAAAOAC 

2915 CXUGAAU CTGADGAGGCOGAAACXOGAA AADAAADA 

2916 COTCGCAA CroaOSAGGCaSAAAG30aSkA AGGAAGAG 

2917 ggC OTCGC CDGAD5AGGOOSAAAGQQ0GAA AGAGGAAG 

2918 CGACOOGU axSADGAtWOCGAAAGGCOSAA AAAGAAAO 

2919 QGD GGCU CDGATOAGGCOGAAAGGCOaVA ACACAAAA 
2931 GGCAGCGG COGADSAGGOOQAAAGGOOGAA ACAC a V Dg 
2933 q GOTCro s CqSAgSAgGCCGAAAOJCaSAA ACacoCCA 
2941 GCCOSOGG CPGAPGAGG CC GAAAG Q COSAA AAGCACOG 

2951 CDCAGAGG OXSADSAGCSCCGAAAGGOOGAA ACCADGGU 

2952 GAA GAOOG aXSAOSACGaSGAAAOGOOQAA AAGOCOGG 

2955 CCWJSOCA CDGADSAGGOCGAAACGOOSAA AGGAAGCA 

2956 ADDGADDC CTOAOSAGGCOGAAAOSOOGAA AAGGA^ 

2961 OGOGGCO COGAnsaCGCCXBUUVGGCOGaA ACACAAAA 

2962 CTOGGAAC OXSAIJSAOOOaSAAAOQCCGAA AAOACACA 

2965 A CDDOA da OISAOSAGGOCQAAAOOOOSAA AODCAAAG 

2966 AGCOOGAA CDGAO5AOGOCGAAAG900GAA AGCUOOCA 
2^W OAAAACDU COSADGAOGOCGAAAGGOCGAA ADOGADDC 
2975 AGCDOTAA COGADSAGGCOGAAAOOCCGAA ACCODCCA 
297S CAGGOTAG CDGTOG0CCGAAAG5C0GAA ACCAOmA 
2977 CCAOOTOG CDGADGAOOCCGAAAGOCOSAA AGAGCDDC 
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Table 11: Human IL-5 HH Target Sequence 



at • 


HH Target Segueai 




8 


ADGCXCa a DCODOOC 


9 




10 


GOCOCU C UUCQOCA 


12 


)UJUUUCU t7 OGCCAAX 


13 




36 




37 




38 




55 




57 


fflifinf ^ B t p mf^Afif ITT 


S3 




64 


COGCAUU n GAGDOC3Q 


69 


( H H aAflTT IT QQCtlftfi^ 


70 




74 




78 




80 


n^fl^n^T ft AR&A^ 4 V* 


91 




97 




104 




U6 


CVUUOkn fT nm^n^ 


U7 


AGAAADC7 C COkdUlfi 


130 


AGOGCAU tl 


145 




155 


CSACDGCCJ U OCQACOC 


156 


AUAk.uu U COACOCA 


157 


cuuom; c uacocad 


159 


UJUUUCU A CaCADOG 


162 


aaCQAO; C AO08MC 


165 


aACOCA0 C GAACDCa 


171 


rosAAca c CGCpaAo 


179 


reCUGAP X GCCAADG 


192 


OSAfiACa C OSAOQAP 


200 


OGAGSA0 a CCDGC7DC 


201 


GAGGACU C COGUUU: 


206 


OUCOJGU a CCQGOAC 


207 


OCCUGUU C CUGOACA 


212 


OOCaWU A CAOAAAA 


216 


IX^OACAU A AAAADCA 


222 


HAAAAAU C ACCAACa 



at. BB Texg«t S««u«ac« 
Peaitioa 



245 AAOAAAD C UOUCAGQ 

247 GAAADCU U OCAGGGA 

248 A AADCro U CAGGGAJl 

249 AAOCUUU C AiSGSAAU 
257 AGGGAA0 A GGCACAC 
273 GG;;iGAi30 C AAACCGU 
291 AGC0C3OT A a3GDGGA 
305 AAAGACa A OOOUUA 

307 AGACXJAD a CAAAAAC 

308 GACUAUU C AAAAACU 
316 AAAAACa U GO O J UUA 
319 AACQTOQ C COUAAOA 

322 oosocca a aauaaag 

323 TOJCCOT A AnAAAGA 

326 cajOAArr a aaoaaah 

334 AAGAAAD A CADOGAC 

338 AACDVCAXJ U GACGGCC 

380 GSACACa A AACCAA0 

388 AACCAAO U CCUAGAC 

389 ACCAAOU C CXDJSSiCO 
392 AAUOCCU A GACOACC 
397 COAGACa A CCOGCAA 

409 CAAGAGD U O CUDUA; 

410 AA CAGCP a COTGGOG 

411 AGAUUUU C CO GGUGU 
413 AUJUUCU XJ GGOGOAA 
419 t TOGOG U A AOGAACA 
437 ACTOA0 A AOAGAAA 
440 OGADAAU A GAAAGTO 
447 ACaAAGU U GAGAOIA 
454 OSAGAOJ A AAOJUAP 

462 AACOSGQ U OGODCCA 

463 ACDSGOa U GOTGCAG 
466 GGUUWU U GCAGCCA 

479 CAAAGA0 V UOGGAGS 

480 AAAGATO 0 CGGAGGA 

481 AAGAOTU U GGAGGAG 

497 AGGACAU U CUACOGC 

498 GGACATO U QACDGCA 

499 GACA13TO a ACOGCAG 
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500 ACMOro A COGOCT 

531 AAAGACT C AOQOCUa 

538 CAGOOro a AADDUOC 

539 AGGCCro A ADOOQCA 

542 OCOOMD a ODCMDA 

543 CDUAADO a XKJJmjJ 

544 UOAAOUa a C3UnAQA 

545 OAAUUUU C AACDUSUl 
545 OODCAA? A ajUUJDOA 
551 OCAAtnD A ADDCMC 
534 AtJADAAa a OMCDDC 
555 GQUZUro a MCOQCA 
55€ AOAADOa A ACDDOyS 
560 XXR3\Aa7 U CMSAOOG 
SSI DQAACOa C jtfaflOSA 
573 GC5AAAOT A AADKnCT 
577 AGOMAn A UUUCAOQ 

579 amcMy U TXaOSCA 

580 AAAOADa 7 0^0000 

581 AAzncoa c AscacAOA 

588 CMSGCm A COSAOU: 

597 IXSACACa U TO :T !nGA 

598 6ACAC017 U GOOGAA 
m AAAOCM7 A AAAD0D7 
AS AZAAAAX7 U CDOAAAA 
^-7 UAAAATO C OQAAAW 
S19 AAADOCa U AAAAnAD* 
620 AAODCOU A AAAKADA 
625 UtAAAAO A tZADDQCA 
627 AAAAOAa A OODCAGA 

629 AAdAZBO; U DCASMZA 

630 xnmm b aamsj 

631 tZMCZADOU C ASAUUC 

^s DocAOAXj A ocAcauya 

638 CACSUan C ASMOCX 

644 TCASMD C ADOQUVa 

S47 GMDCAI7 U GAAGOmj 

633 UOSAACQ A tiiu / ^^j^j^ 

655 GAAGOWJ V O UU.XJCC 

656 AASOAro 0 U OMXJ i 

657 AGOltfJDa U OCDOCAtj 

658 UUAUUUU C CDCCaiOS 

661 UUUWXU C CAOGCAA 
672 GCAAAAU U GAQAZIAC 
676 AATOGAU A CA CUUUU 
678 OOGAnA0 A CUUUUW 
681 AQADACa U UUUmUU 

662 CSaiACDU a O UUUUUA 



684 

685 

686 

688 

689 

691 

692 

693 

697 

698 

703 

704 

708 

715 

719 

720 

724 

725 

728 

731 

733 

734 

735 

745 

746 

752 

753 

757 

761 

762 

765 

767 

768 

769 

771 

772 

773 

778 

779 

783 

788 

789 

791 

794 

805 



OACOUOU 
ACDDDOtJ 
CUUUUIAJ 
UUUUUOJ 
UUUUUAJ 
OUCDOAD 
OCUUACt; 
CUUAUUU 
OUUAAOJ 
OQAACro 
OOAACAD 
OAACADa 
AUUCIW 
AAAADGa 



cxniAAca 

OQAACOa 
ACOOAAff 

OAAnAGa 

AQAGOACr 
QAfiOAOa 
AUUAUUU 
AAAOGGQ 
AAZXSGOa 
OAAGAAn 
AAGAAOa 
AUUUUjU 
OQCBUUtfr 
GOAAAro 
AAX7DAGCT 

OAGQADC 
AGQADDU 
QADOQAD 
AODQADU 
OOQADDU 
QOAAaDGa 
nAAOSDU 
GOQADGQ 
UUUUUUU 
UOGQSDO 
G OWU Cg 
06CQAAD 
CAAAAA0 



a DCDOAoa 

U CODAOOa 
C DQAODOA 
tJ ADUOAAC 
A OUQAACU 
U OAACDQA 
AACDDAA 
A ACOOAAC 
U AACADQC 
A ACADOOJ 
COGUAAA 
C tSSOAAAA 
A AAADGOC 
C OSDQAAC 
AAOOOAA 
A ACQQAAU 
X7 AAOAGCA 
A AOAGQA0 
A GQADDOA 
A UUUAUCaA 
U OAOSAAA 
tJ A0GAAAZ7 
A QQAAAOG 
n AAGAAOa 
A AGAADOa 
U OOGOAAA 
C7 OSaAAACT 
A AAOOAGa 
U AGQAOOD 
A GUAUUUA 
A DCQAOUQ 
U HAODQAA 
U AOOOAAKr 
A TTOOAADG 
17 OAAOSOU 
n AADSDOA 
A AOGDOAU 
U A DGUUUJ 
A 0GD0GD6 

0 OaAAOAA 
C OAAOAAA 
A AOAAAAC 
A AAACAAA 
A GACAACa 
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Table 12: Human IL-S HH Ribozyme Sequences 



aft. BB ail>ozym« S«qiiMc« 

Positiea 

9 - GGC^AAG aiSACGAGGCC»AAG3CCaAA AACCGCA 

10 UGQ»AA COSA)CX3^SGCC3AAAG3CCaA^ AAAGCGC 

12 UUUUUCA C O CatfXaUBg CC S A A A GSGCSAA AGMAGU 

13 OJUUUjC COSMXSUSKXISAAAGSCCG^ ?MSJi^G 

36 GC OCD U H CaGaPgy rec C GA AAGGCCSAA ACGUCCU 

37 GGO Xr UG aXSAroAGGCCGAAAGSCCOAA AAC SUUC 

38 OSSCCKra aXSAXXSAGGKXQA^^ MAOGUU 

56 AAIXSCAfi CW ADB X GG CCG AiVAGS C OGAA AGC3UDCC 

57 AAADGCX CaGStfX ^ GGCCgAAftGacasaA AAGCADC 

63 AAACOGl COGJUTSAtSXCSAAAOGCOSUl ADGOUS^ 

64 CMACDC CDGADSAGSCCXSMAGSCCSAA AftDQCAG 

69 GCOAGCA CDGA)DGAGtXrGMAG3CCG;Ul ACOCUUl 

70 AGCUAGC aX»OSAGGCCGAAA05CCraA AACOCAA 
74 CAAGAGC COSOXSAGGCaSAAJySGCCGAA iU»UUU: 
78 GCDCCAA CnGAZXSAGGCCGAAAGSCCQAA AOCCAGC 
80 OUSCQCC eOGaDOaflGCOS A AAGOaxSAA AGAOCDTl 
91 AZnCACG aXaZX»G3CC3AAAG5CCSAA AG5CAGC 
97 GATOGOl aXSAOSAOGCOGAAAGGCCSAA ACAOGGA 
104 OXWSGS C0GMXSAC3GCCGAAAGGCCGAA MGG CA O 

116 OOSOGGG COGADSAGGCOGAAAGSCCGAA ADUDCUG 

117 CDOSTOG aXSVOGAGGCCGUAGSCCGSUl A AUUUCU 
130 UOOCACC CDSATOAOGCXXSAAAQQCrGAA mSCAOJ 
1^5 CAGDSCC aXSaDSSaGgCCGAAAGGCOGAA A5G0CUC 

155 GAGOAGA COSAOSAGGCCGAAAGGCCGAA AGCAGGG 

156 aSAGOAG amiX;AGGCXX;AAAGCXrSA\ AAGCACa 

157 ADSAGOA axaOSaGC S COG A AAC S CaaAA AAAGCAG 
159 OGAXXSAG C roft PSAGGCCGAAAGGCOGAA AGAAAGC 
162 GOOOSAU OXSADGAGGCCGAAAGSCCGAA AGOAGAA 
165 AGAGGUC CUGAOSAGSCCGAAAGGCCGAA ADGAGOA. 
171 AZICAGCA COSADGAGGCCGAAAGGCCGAA. AGOOCGA 
179 CraOQGC CDGADGAflGCCGAAAOGCCSAA> AOCAGCA. 
192 AXTCCdCA OOSADSAGQCOGAAAGGCCGAA AGOCDCA 

200 GAACAGG COSAOSAGGCCGAAAGGCCGAA ADCCD Q l 

201 GGAACAG COCSACGAGGCCGAAAGSCOGAA AAXSCCOC 

206 GOACAOG CDSAOSAGGCCG AAA G GO OGAA, ACAGQAA 

207 QglAg AG C0GAIK»GOCCGAAACSCCGAA. AACAGGA 

212 oncTcnro cogadgaggcosaaagsccgxa acagsaa 

216 UGAUUUU COGAOGAGGC O GAAAGSCCGAA ADGOAOI 

222 AGDOSGU ClX»lXSAGGCCGAAAGE5CCGAA AUUUUUA 

245 CCaSAAA C0C3ADGAGGCCGAAAGSCCGAA ADUOCTO 
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247 UCCCOGA COGAOSftGGCXXaUUUSGCCGAJl AGADDOC 

248 OOCCCOS COGADSaCSSOCGAAAGGCCGAA AACADOa 
24S ADOCCCa COGAOMGCCGAAAGGCCGAA AAAGADQ 
257 gUG UiCX: aX5M»«GCCC3AAAGGCCGAA ADUC CC a 
273 ACaCOro CCXaOXSaiOQOaSAAAOGCCGAA ACDCOCC 
291 TOCACAG COSADGMCSpCGAAAOGCCGAA ACOOCCa 
305 tJDDDGAA COSAXXaGGCaSAAAOGCCGAA AC O C UW 

307 GUOUUIX; CaSAOGAGGCOSAAAOGOCGAA AOMSOCU 

308 AGTODUa aJQAOSMQCOGMAOGCCGAA AAXJAGIX: 
UAAGQAC CDSATOAOQCCGAAAGGCCGAA AGOOUOU 

319 q^DOA AG aX»OGM30CCGAAAG5CCGAA ACAAGU17 

322 CUUUAOU COSAPSaGGCCGAAAGgCOSAA AOGACAA 

323 liCUUUAD <^ *??AT X Sa tfivTrrG ft A i\ OC ^ ^ AAOGACA 
326 ACODCUU CaGADGAGSOCCSUUUSGCQSAA ACnAAGS 
334 GTCAAIP COSADSMSOCCGAAAGGCOSAA AUUUCUU 
338 GGCOGDC COGADSMOCOSAAAGKOSAA AOSOADU 
380 AOUJU JU OXSAOSAOGCaSAAAOGCCG^ ACOCOCC 

388 COSAZnAOOCOGAAAOGCCGAA AUUUaUU 

389 AOTOTUS COSM XaGQCCGAAAGGCCGAA AAOaOGQ 
392 araUSOC COQADG^XXTGAMOOOOSAA AGGAADa 
397 tTOCMO CaSMGWSQOOGAAAOOCaSAA AGOCUAG 

ACCAAGA COSADS A GGOCGAAAOGOCGAA ACOCTOG 

410 CAOCAAG CDSMXSAGGOCGAAAOGCOSAA AA OJ C W 

411 ACAOCAA COG AD SAGGOOGAAAGOOOGAA AAACOCa 
413 OOACAC C OXjADSAGGCQSUAGGCaSAA AGAAAOT 
419 UWIICA D aXSADGAGGCaSAAAGGCOGAA ACACCAA 
437 UU ULUAU axaUXSAOGCOSAAAGSOOGAA ADOCACa 
440 AACOUOC CCXSADSftGQOOGAAAGGCCGAA ADOADCC 
^^'^ OAGOroC aXSADSaOOCOGAAAGGCCGAA ACDODCa 
454 AOOGDU CDGADSAGGCOSAAAOQCOGAA AGOCDCA 

nSCAACA CnWDGAGGOOSAAAGGOOGAA ACCAGOa 
COSCMC Ca SMSAQSOOS A A A GGCOSAA AAOOUjO 

466 WGCW C; ax a PS A GQCOn AAA GGCC G AA ACAAACC 

479 QgJDCAA C0SAO3AOS500SAAAGG00GAA ADCDODG 

480 OCGXCA CCX»DGU00CXSAAAGGCOGAA AAOCOOa 

481 COOCOX CaGADSAGGCCGAAAGGCCGAA AAADCOtX 
^^"^ ^fiOAA COBAD3MGO0GAAAGGOCGAA ADGOOCQ 

OSCMOA OXSMXSAOGOOGAAAGOOOGAA AAXXjOCC 

499 CnCAGa aXSAOSaGOOOGAAAGOOOSAA AAADGOC 

500 AC OSCAG CCTQ An SAOOCOGAAAOSOOSAA AAAADCU 
531 AAGOCCa OWADGAOOCCGAAAOQCOGAA ACOCDDtJ 
^38 GAAAAUU OXaUXayOOCOGAAAGCSCOQAA AGGOCOG 
539 CXSAAAAU aXSMDSAGGCOSAAAGGCOSAA AAGGCC U 

542 OADOSAA COGWXaGGCOGAAAGGCCGAA ADQAAGG 

543 AOAOaSA aXjATOAGGOOGAAAGGOOGAA AAZTOAAG 

544 OADADOG aX»OSAGGCCGAAAGGCOGAA AAADOAA 

545 OOAXaAOT COBAOSAGGCCGAAAGGCCGAA AAAADOA 
549 aAAADOA COSADGAflSCCXSAAAGGCXGAA ADCGAAA 
551 GOOAAAn COSAOSAGGOOGAAAGGOOGAA ADAUOGA 



SUBSirrUTE sheet (rule 26) 



( c 

wo 9503225 PCT/IB95AM) 156 

218 

534 aXSUXsAOGCCGAAAGSCCGAA ACmOAa 

555 OSUUjOU COSUXSAGGCOGAAAGGCOGAA AAOUKJA 

556 COaA A GD OXSMGAQOCOSAAAflgOOSgUl AAADUAD 

560 CCCOCDQ COGADGAfiOOOSAAAOOCOSAA ACUOAAA 

561 UCCCDCa aXIJU]GA00CCGAAJU3QC0GAA AJVGDOAA 
573 AAAP ADU COSAIXSAGGCCGAAAOGCOGAA AC UUU CC 
577 OC O SAAA COGftOSftOGCCRAAAGGOOGAX ADOUACa 

579 OGCCCGA COSADSAOGCCGAAAOGCCGAA ADADtm 

580 AOKOIG ax;Aas;UXCCGXAAOGCrGAA AAQADCa 

581 qAPSC Ca a7SAOSAG3Ca>AAAQGCCGAA AAADWa 
588 COUDSSU^SCaSMAGOOOCUUl ADG C C TO 

597 OCUUUCX C0GM XaAaj C X , m AAGgCOCS^ AGOGOCA 

598 OOCOSGC COtaOSaOXCGAAAOGCCGAA AAGDCOC 
611 AGAAD OO CCmCGAOGCOGAAAOGCCXSlA A DGOJUU 
616 OTOOAA G COSAOSAGGCCGAAAGSCCGAA ADDOOAa 
^17 ADODOAA COQADGAOOCCGAAAOSCCGAA AADODUA 
^1^ AnMQOCa OXSADGAGOCCGAAAGOCCGAA JUESUUTOU 
620 mmSJOa COSADSAGGCOGAAAOOOaSUl AAffiUUOD 
625 qg^A MIA aXSADSAGQCOQMAOOOOSAA AODDOAA 
627 OCTOAAA OXMCAOGCCGAAAGCSCCGAA ATODODU 
^29 OADCDGA aXjATOAGGCaSftAAQGCCGAA JmUMJO 

630 AmOCCXS COGADCSAGGCaSAAAOQOOGWl AAIDtflAD 

631 ^raoca COSAOSAGCSOOGAAAOGCaSAX AAAZOUDA 
636 A0 OClXa> CTOADSAGGCOGAAAOCXOGAA ADCDGAA 
638 TOOT Ca COGAOSAGOCCGAAACSCOCSUl AXIADCOG 
644 CDC CAAU aXSATOAGGCXGAAAGGOCSAA AODCOGA 
647 AXaCUDC COGAZXSAGGCaaUUySGCCGAA ADGMJUC 
653 AOGAAAA OXSAOSMCSOCGAAAGGOOGAA ACDOCAA 
633 G^CGAA CTOADSAGQCCGAAArSSXCGAA AnACTOC 

656 roacGA coawxsAOGCosswuuwcoGAA AAoacoa 

657 COSSAGS aXiATOAGGCCGAAAGGCCGAA AAADACa 

658 CCTOGAG OXSAOSAGOCSaaUUGGCOGAA AAAAX3AC 
661 UIXAXAJG CTOAOSAGGCCGAAAOQCOGAil AGGAAAA 
672 GCAnAIIC COSAOSAGGCCGAAAOOOOGAJk AOTOOGC 
676 AAAAGOA COGADSAGGOOGAAAGSCCGAA ADCAADU 
678 AAAAAAG COSADGAGOOOSAAAOGCOGAA AQADCAA 
681 AAGAAAA COGAOSAOOCCGAAAGGCOGAA AGOAIIAD 

UAAGAAA. C0QAO3AOGC0GAAAGSCOSAA AAGCSUSl 

683 AX2AAGAA COSAOSaOGOOSAAAOOCaSAA AAAGOAU 

AAnAAGA COGWXaOGCOSAAAGOCCGAA AAAAGCA 

685 AAAOAAG aJSAOSAOOCCGAAAOCSCaSAA AAAAAGU 

^86 UAAAHAA COGAOSAGGCOGAAAGGOOGAA AAAAAAG 

688 GOQAAAU CT^ATtta/a-tQrjggg^^Q^^^ AGAAAAA 

689 AGOOAAA OTSADSAOOCCSAAAOGCCGAA AAGAAAA 
691 OAACTOA COSATOAGGCCGAAAGOCCGAA ADAAGAA 

tmA gOa COGADSAGGCCGAAAGGCCGAA AAOAAGA 

693 GD OAAGa COGAOSAGGCCGAAAOGCCGAA AAACAAG 

697 GAAXJGOa COSAIXSAOGCCGAAAGGCOGAA AGOOAAA 

698 AGAAroa CDGATOAOGCCGAAAGGCCGAA AAGTOAA 
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CnraCAC Cra«3AGGCCGAAAGGCCGAA ADCOUAA 

roomcA ax3rasaooccx»AAGt3CCGAA aadgdda 

GACMOT C05AIX3AGKrGAAAC3CCGAA AOGWtfJ 
<=roAA» OTaOSAOGCCGAAACSCXrGAA ACATOOU 
^^OAAGOT aXSAIXSAa;cCGAAWX5C0SAA ACAGACX 
ADOAACT COSaOSAGGCOGAAAOCSCOGAA AACMAC 

^coaoa cTOravGGcasau^AGG^^ acduaac 
AnAcma cataasAccsxGJuutfxwxs^ aagouaa 

QCAIR AA, COaraSAfiSCOSAAAOQCCGU ACUMWA 

Acroaa croAosAocxrsAAAcscca^ aadacoa 

COSAOSaGOCCSAAAGCSOCSAA AAACaca 
AADTODO COSaXXSJUSGCOGaVAACSCCGAA ACOfflOa 
AAAP Pgy COSADCaOQCCGAAAGCJCCGAA AACCAOO 
^'^^^S^CCA CroaXXJAGGCCQUUGGCCGS^ ADOCDOA 
ADCOACC CDGAraCGCCGAAAQGCCQAA AADDCUU 
ACTAATO CIPUAnra imnnmklifl^^'^pg ^^ ACOkAAD 
AAADAOJ ClXSADSAGGCCXSAAAfiOOCGAA ATOCACC 
^O^AADAC COSAOSAOCKXSAAAGKOGAA AADOO^ 
AAWZAAA OKaXXSaOCXOGAAAtSaasa^ AOJAATO 
^^^AAOA axaOSAGQCCGAAAGGCCGAA ADACOAA 
A^'OWUXJ aXSAMAOGCCGAAAGSCCGaA AADACOA 
CADOAAA CaSAOSAGGCXGAAAOSCOSAA AAAUACU 
AACADCA CaSAOSAOOCaSAAAOOCCSA^ ADAAADA 
^^^^CADU CTGAEGAGCXXG3VAAGGCCGAA AADAAAO 
^^°^^ACA0 CCGAOSAGGCCGAAAOGCCGAA AAADAAA 
ACAACAU COGAOSAGGCaaUVAOGCOGAA ACADOAA 
^^'^^^^^ COGBUKaOOOOfiAAAGGCCSAA AAODUA 
^^fiAACAC CDSADSAGCXXGaAAQGCMAA ACADAAC 

OTAOOAC oxaraocxxasAAAoscasAA aocaac 

^OraOTA CDGAOaCGCCGAAACGCaSAA AACACAA 
^^"^^ CCCAOSAOCXOSAAAGCXXGAA AGAACAC 
Ubwwuu COSADSAOOCaauUQSCOGAA ADOAGAA 
AfiOOGOC CUGADSMGOCXauUlOOOOGAA ADDDDDC 
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Table 13: Mouse IL^ HH Ribozyme Target Sequence 





8B Tug«t; S«qu«ae« 


nz • 


PodbdLo& 






8 


cGCuCCTU c CUUUUCU 


253 


U 




2^9 


12 


CUUcGJU U OCugXJiG 




36 






36 


GaAoAeCT u cAoAfiTTc 


9 ICQ 


37 




AO r 


O 






SB 




4vl 


59 






59 






66 






82 






91 


GcCJaOGQ e uooOOrit 




112 






113 






141 






141 






158 






167 


cCGAciCXT C tSCSuYXSk^ 


4o4 


196 


TXjAOGcQ U LLimUeg 




197 


GAOGcOCT C CUUUeCJL! 




197 






202 


UUCOJUU e CCQacuC 


406 


202 


00OCU5U c CcQAcuc 


409 


206 


^XSDCccO a cuCaQM 


481 


212 


tSkCdCSaj & aAAaOCa 


482 


212 


OftcuCAU A AAAAZ3CA 


483 


218 


CXaaAaaa e aCeMXXJ 


483 


218 


QAAAAAI7 C ACOlgCa 


49S 


218 


UAAAAAZ7 c acCAgCD 


553 


232 


uaO9CA0 U GSaGAAA 


557 


241 


gAGAAAD C UUUCAOS 


564 


241 


9A0AaA0 c OQUcAGG 


564 


241 


gagAAAO c UUOCAGG 


565 


241 


gAgAAAU c UDDCAGg 


565 


243 


gaAAuca U UCAGgGg 


569 


243 


GAAACCU U OCAGSGg 


569 


244 


AAADCDU U CAGGGgc 


613 


245 


AAUCUUU C AOOGgcU 


614 



AGGSgcU 
U^effACAU 
GaAGS^U 
GaAGAaU 
GAAgaAU 

AAAugCa 
AAAugCa 
ADGCuAU 
AugCOAa 
utfCQAOa 
AACcOGC 
cUCaUCaa 
CGCCaUa 
CaOQAAU 
AAGAAAU 
AAlQACAa 
AAUaCaO 
AgyCAgC 
9?CAgOU 
CO^GAuU 
CAMSAGQ 
AAGACUU 
ASDDcCD 
UcaCAAU 
cAcAACa 
ACAADD7 
AcAAXTiiD 
AAATOgO 
GCOGuuU 

uuucCAx; 

UtTauAuD 
nUAuaCU 
uaOADUU 
UADAuUU 
nOUAOGU 
uOUADGU 
AAAGUCa 
AAgOGua 



X GaCAuAC 
& C:;GaAgA 
C AAACOSa 
c AAaCugO 
c aAAcOlga 
A CCGOGGA 
A UtTCcAAA 
a uOOCaaA 
u CCaAaAc 
U CcAAAAC 
C cAAAACe 
C aOaAAZ](A 
O AADAAAG 
A AOAAAGA 
A AAGAAAU 
A CACUGAC 
O GACcGCC 
u GACcgCC 
U COJgGAu 
C COgGAuU 
A CCOGCAA 
U CCDDSGD 
c CUUGGUG 
C7 GGCXaUgA 
u OAAgOQA 

A AgOUaAa 
& aGOCAAa 
c AAcAgAX; 
e CatAiQAU 
tJ UaiiaOOU 
u aOgOCCa 
u AugOeCa 
& ugOCCuG 

c cOGUaGU 
c eCGUaga 
u uaaCCDU 
u aACcOOU 
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PCT/IB9S/00tS6 



620 OOMCca u uOUGOW 1407 

793 caAGgCD u OGuGcAH 14 07 

816 Ct3GagOU a UACDCcc 1410 

818 GAguOAa a cOCCcuC 1434 

825 ACQeCcU c CccGOCA 1434 

825 aCUccCD c CcCcOCa I434 

839 AuCcucU 0 cGODGd 1435 

840 uCeucOU e GODOCAu 1435 

863 cAAgtZW O cCaOGCu 1438 
8M AAgCZMJD c CWSQCug 1433 

864 AA(jUAUU e caggCug 1439 
913 gAaOIca 17 GaucCaG 1443 
917 OSetSUggU e CAGAuGG 1447 
957 OOagcAD c CDOOeOc 1433 
960 GCAucca u OeOieCuA 1453 
960 GeaOcCQ u uaJOcCa 1460 
962 fOCOcodU c gCcOsGC 1461 
975 gcceCro u AgAZSlgA 1463 
987 aGaDSA0 A cuuAAPG 1475 
990 OGAuACa tt AAugacO 1479 

1000 raCuOJ c OUgCuGA 1483 

•027 CgggGCa a cCDiCDC 1433 

1034 OSCOSca C COaOcuX 1434 

1037 D&CDCW A OeOAACD • 1437 

1039 caccuAU c UAACDOC 1437 

1039 cCXTcCMr c UAACODt 1489 

1041 CCOAXTW A ACDDcAa 1439 

1051 OUcAAua 0 AAuAccC 1439 

1148 uGAcOUU u cOUaDGD 1490 

1213 GCOgGaO u UOGGAaa 1490 

1213 gcOOGAD u uO^GAAA 1490 

1214 oigGADCJ U DOSAaaA 1491 

1215 ugGADDU U OGAaaAG 1491 
1234 gGGACAU c fccuDSC 1491 
1236 GACAOcD e eUDQCAG 1491 

1275 ugOGCCD U AcOObOC 1494 

1276 gGGOL UU A cDtJcOCc 1502 
1280 COOACOU c OCcgOWJ 1502 
1298 OgAACro a AGAaGcA 1507 
1310 ffcAAAGO a aAuACcA 1509 
1310 GCAAAflU a aADAcca 1509 
1310 GcaAAoO a AADAccA ISIO 
1350 AAACCA0 A AAAOggU 1510 
1358 AAAZX3GU 0 ggGAugO isio 
1370 OgOUaDU C AGgOADC 1510 
1375 OlKiMgU A UCAGggU 1512 
1377 CAGgOAU C AGggOCA ISis 
1383 tXaCggU C AdOGgAG 

1405 cccCAgO U QACOtCA 



cCAgUOU A COcCAGg 
ccAgCTOlT a COCCAGG 
gOTOaCU C CAGGaAA 
ADgCDOa a aUUUaAU 
aUgcUtia X3 AUODAAu 
aCTgculOa u AuOQAAU 
tJgCDCOCJ a OWaAOa 
ugcOUbu a uOUAaOU 
OUOUAXTU U AAuO^ug 
^^OOWJa a AAZAacOg 
UliunODD A ADUctTgd 
ntJUaAoU c OGuaAGa 
ADUCUjU a AgADGUU 
ugODcaC; a UUAUUUA 
ugOOcAU A unAOUOA 
OticAUAn u ADOTAug 
U^AOAuU A ODOAOSA 
AnAuOAU U OADGAug 
AuGgADU e aGOAAgU 
ADUcaCa A AgOTAaa 
aGuAAGCT u AADADOa 
^GOAAga (7 AaQAnoa 
GC3AAg07 A aQAOUOA 
agUOAAU a OUUAuQA 
AgOOAaa A OGtlADCJa 
UOAAUaCT a uAuOAcA 
UOAAuAO u aADUaCA 
OOAaUAO U QAiOUacA 
GAADaOU u AuOAcAc 
HAaXXAOa C7 AOliAcAc 
QAanAXK; U AOUacAc 
AADADOD a uuaCAcg 
AAUAOua a DUAcAcg 
AaUAnoa A UbAcAcG 
AaOADDa A OUacAcG 
ADUQAIKJ a CAcgOAU 
cAOGOW A tZaauAKAi 
cAcgOAir a UAAXteOa 
AZIADAaO a UOWaaU 
AQAAuAD U CDaAuAA 
aCaaOaa XJ CDAAOAA 
HAAuAOU C aaAuAAa 
UAAuAOU C IfaauAAA 
UAAuAuU c UaaDAAA 
CJaaUaUa C UAAOAAA 
aOaOU Ca A AUAAAgC 
^^^'C^C^^ A AAgCAgA 
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Table 17 

Mouse relA HH Target sequence 
nt. Position HH Target Sequence 



PCT/IB9SM)01S6 

nt Position HH Target Sequence 



1^ AADGQCa a caCaCqA 

22 aOCOCcO a cGQcGCG 

26 CcUCcaU u GcGgACa 

33 CAuox^a a i^occcc 

94 AuCOGDU u OO O C JCA 

100 OllCCCCa C ADCOOUC 

103 CCCUCAD C UWjCCcu 

105 cscAoca a ucceucx 

106 DCMCro u CCcuCVC 
129 CAOGCua C TOGgCCa 
138 GSgOCua A CGOGGW 
148 OSSAGW C ADoGAaC 
151 AGM3CW e GAaCAOC 

180 JUXSQSaa D OO GCUto 

181 roOGaOa C OSasVuA 
186 UDOOOCO A uAAaOGC 
204 GSGC O aj C aCC SSSC 
217 GCAOuAa u CCuGGCG 
239 CaCAGAa A CXIACCAA 
262 CCAOCAD C AAGUCA 
268 C AADOOOT 
276 AADBGCa A CACAGGA 
301 OUOSaACJ C TO X TAi tf 
303 CGaADOT C C CC XXAJ C 
310 CCC UUbU C ACCAAGG 
323 GScOOCa C COCcuga 
326 uCCaOCCr C AC05GCC 
335 OO SGCCU C AuOCaCA 
34S AuGAaCa O GOgGGgA 
352 ACaOcaU c GaAcAGc 

375 GADQGCD a COAOGACr 

376 ADOCAica C %e6gaG 
378 GGCOaCD A tXSAOGCQ 
391 OXSAcCa C DGOOCaG 
409 GCaGuAa C CAuAGea 
^16 CCgCACa a OOCAuAg 
417 CAuAGca a OCAGAAC 
^18 AuAGcOa C CAGAAOC 
433 rooCgAU C CAGOGUG 

795 GGCOCOJ U OTCUC3UV 

796 G CT OC IJU U OCuCAAG 

797 Ca cCUUU U CuCAAGC 

798 UCCUUUU C uCAAGCU 
®29 OGSQCA0 U GUjUUCC 



467 
469 
473 
481 
501 
502 
508 
509 
512 
514 
534 
556 
561 
562 
585 
598 
613 
616 
617 
620 
623 
628 
630 
631* 
638 
661 
667 
687 
700 
715 
717 
718 
721 
751 
759 
761 
762 
763 
792 
1167 
1163 
U69 
U82 
U83 



cCAGGOX 
AaGC^ 
tAiOgACa 
AGCGaAU 
AACO0CC7 

Accc aju 

OUCAcG^J 
uCAcGUU 
cUJOUTJ 
OCCCOAIT 
GGGGACa 

txx:Gcca 
cxuu>v 

tAlUjCUU 
aAgCCA0 
GGCCCCa 
CcCQSGU 
CCGDCCa 
9UCCCDC7 
C C D U L UJ 
OCCUgcO 
ACCCgA0 
CCffADua 
CgADUCa 
UGgCcAC; 
CCGAGCa 
GCAAGA0 
CGgAACa 
GCwGCCa 
AOtSAGAD 
GAGAUCa 
AGACCOU 

uucocca 

AaGACAU 
GAGGUGU 
GGCGOAtT 
GOSOAOU 
CGQAOUCT 
CGAGGCD 
GAOGAGU 
AOGAGW 
OGACOUU 

ITGCOSUU 



c cuguOCg 
u AGcCAGC 
C AGataCAg 
C CAGACXA 
^7 uCAcGOU 
u CAcGOOC 
U CCCAnAG 
C CtJADAGA 
A OAGAgGA 
A GAgGAGC 
A uGACuSX; 
C DSCUU CC 
U OCAGGOG 
C CAGGCXSA 
u AGcCAGc 
C CuCCOGa 
C COruCaC 
c uCaCAXTC 
C COCAqCC 
C AgCCaug 
U CCACCUc 
U UDOGAuA 
CGAuAAc 
a GAuAAcC 
u GCCXxuOC 
C AAGADCa 
C CGOCGAG 
C OSGgAGC 
C GSUGGGG 
C UOCuO^ 
tJ OJXJgOXi 
C uCgCQGC; 
c CauUGcG 
U GAGGOGU 
A UOCKIAOG 
U UCACGGG 
U CAOGGGA 
C AOQGGAC 
C CUDCDCu 
U UilCCcCC 
^ UCCCCCA 
u CCcCCAtJ 
U aCCaUCa 
a CCaDCaG 
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834 AOTGOOJ U CCOSACu U84 

835 COroSOU C OCSACuC 1187 
845 GACuC CP C CgOACGC 1188 
849 CrooCgO A OGCcGAC 1198 
872 cCaSGCa C COCSOiaOS 1209 
883 UUOGaCa C OCCAOSC 1215 
885 CGaCOOJ C CADGCAG 1229 

905 GCGGCC U tJ CUGRuCG 1237 

906 CGGCCJU C uGAuCGc 1250 
919 GcGACCa C J«X»GC 1268 

936 ATOQAgU U CCAGQAC 1279 

937 OSGAcOT C CAGOACu 1281 
942 tJCCCAGO A CUDGCCA 1286 
953 OCCucAU c CAcAuGA 1309 

962 ACAuGMT C GcCaCCG 1315 

963 CagCaca u gCCaGAe 1318 
973 ACOSGAQ a GAaGAGA 1331 
986 GAgACca u cAAGagu 1334 
996 AOGACcQ A OCIGACC 1389 

1005 GAGACOT a CAAGAGu 1413 

1006 AGAOCOa C AAGAGUA 1414 
1015 AGAGUAU C AD3AAGA 1437 
1028 GAAGAGU C CQCOCAa 1441 

1031 GAGDOO; 0 OCAauGG 1467 

1032 AGOCCUa a CAaaOGA 1468 

1033 GUCXAJUU C AauGGAC 1482 
10S3 CCGGCCO C CAaCcCG i486 
1064 OaCACOT u GAueCAa 1494 
1072 GgCOiAU U GOXAJC C 1500 

1082 U UI^XJU a OCaSaAa 1501 

1083 aaOOCro C OOSaAGu IS02 
1092 OCaAaCa C AaCDOCIT 1535 

1097 COCAaCU U CT RJ ^ XXg 1566 

1098 OCAaCaU C UUJUUCC 1577 
1102 COOCOSO C CCCAAQC 1579 
1125 CAGCCCU A caOCDUc 1583 
1127 GCCaGAU a gCcOOAC 1588 

1131 cAOCCCU c agCacCA 1622 

1132 AcaCCro c cCagCAU 1628 

1133 OOCaOfeU c CagCUDC 1648 
1137 OOOACua u AgOgCgc 1660 
1140 cCagCM C CCOcAGC 1663 
1153 GCACCAU C AACOUOG 1664 
1158 AOCAACU u tX3U3GAG 1665 
1680 GAAGACa 0 OXX TJ OC 

1S81 AAGACUa C OCOOCCA 

1683 GACDOa; C CDOCAOa 

1686 D UaxX ' U C CATOGOG 

1690 CCroCAQ U GCOGACA 



GGccccU C 
GUccCuO e 
QDaOCaD C 
GGgAGuC u 
CAGcCCU a 
CuGGCCU U 
GGuOCCU u 
CCCAgcD C 
CCAGcCD C 
CCCaGCa c 
GCADG8D c 
gOQGgca C 
AITgAGua u 
CUOCOGU 
cCCCAGCJ 
CAGCAaCa 

gGGucccr 
cuuiAica 

AOG QWJ 
CQGCAGC7 
OGCAGDU 
GG G GO J U 
CCDOGCa 
GgaGOGO 
gaGDSDU 
CDSGCAU 
CuOCgGU 
GACAACU 
UCaGAGQ 
CaGAGOa U 
aGAGDUa C 
gCuGCAU 
AD5GAGC7 
UGAaGO; 
AaGCOAU 

nAUAAca 
OTcucca 

OCCAGCa 
OCCUGCD 
GGGGGCa 

cosaoca 
cucogo; 

COCgeOU 



u 
u 
A 

c 
c 
c 
a 
a 
a 
a 

c 

c 

a 

C 
0 



A 

A 

A 

C 

A 

C 

u 

u 

c 

0 

c 
u 



CUcCCGa 
CUcaGCc 
aGOGCAG 
AGuCuGa 
caOCOUc 
aGCaCCG 
CCucAGc 
CDGCCCC 
CAGgCuC 
CuOCCee 
cCuuCcu 
AGCOgcG 
0CCCCCA 
CgAGDCu 
COAaCCC 
aCCCCgG 
CcCAGuC 
AaGCUGa 
gGAaGCC 
0GADSe0 
GADScOG 
GCUUUGC 
GGCAACA 
CACAGAC 
ACAGACC 
uG0gCAC 
GggAACU 
aGAG000 
OCAGCAG 
CAGCAGC 
AGCAGCa 

CCCCXjAa 
0AACaCG 
ACCCGCC 
GOCDgG0 
OaGAggG 
COGCcCC 
CggUaGG 
CCCAAZX* 
ugceCAG 
cCAGGuG 
CAGGuGA 
cGGAGgO 
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1704 ADCGACa 0 CDCtiGCu 

1705 OGGACOa C OOjGCuC 

1707 Gacooor c uccucou 

1721 uuDSaca C AG5UC3CAG 

172S GDCAGAa C AS OICCU 

1721 AOCAOCa C CtAAOGu 

1734 AGCOCCa A AGQuGca 

1754 CMOugca c ccaiysac 
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Table 18 

Human relA HH Target Sequences 
nt. Position HH Target Sequence 



IS AAOGSCD C GOCUAIA 

22 GGCUOj a C OGCAGOG 

26 CWCUWj A (;aOCACG 

93 GAACOGU U O CCCC O C 

94 AACUUUU C OCCCUCX 
100 PCCOCCT C AUAJUO C 
103 CCCmUT C UULt,l,liG 

105 cocAoca u cca3sai 

106 OCAOCOU C CC3GCA6 
129 CAGGCCa C OQCSCOOC 
136 GGCC C Ca A OGOS S AG 
148 UGGAGA0 C ADOSAGC 
151 AC3AOCA7 0 QbOOyOC 

180 AXJGOQCa U COjC O AC 

181 osoGCUU c osancA 

186 noCOS OJ A CAAGOGC 

204 GGGCGOJ C OGQ9G3C 

217 GCAGCA0 C CCAG9C6 

239 CAOUSU? A CTACCAA 

262 CCAOCAU C AASADCA 

268 UCAAGAU C AAOQSCa 

276 A AD GSCU A CACAQGA 

301 OGCOCAU C OODCTGa 

303 CGCADCa C CCDSG U C 

310 CCCCGGU C ACCAAOG 

323 iSG A CO Xy C COCAOCG 

326 OXUCCU C ACO GGC C 

335 CCGG C ar C ACOOOC A 

349 AOSAGCa 0 GCAOGAA 

352 Afl CUUUJ A GGAAAOG 

375 GAOSOC U U OAOSAG 

376 A OGaCUU C UAOGAOG 
378 GGCUUCU A OSASGCO 
391 COGMCa C OG O COOS 
409 GCOSCAU C CACASOU 

416 CCACASa t7 OCCAGAA 

417 CACAGOT U CCAQAAC 

418 ACASUUt; C CASAACC 
433 CGGGAAU C CAGOGOG 

795 GGCTCCa U OOOGCAA 

796 GCOCCUU U UCGCAAG 

797 coccuro a cgcaagc 

798 UCCOUUU C GCAAGCU 
829 UGGCCAU a GOGOUCC 
834 ADUGOGU U CCS3ACC 



c 

PCT/IB9SM)01S< 



nt Position HH Target Sequence 



467 


GCAGSCIJ A OCJlcnCk. 


469 


\nf^ 1 l&TT %i ■! ]»«%^*^ 


473 


GADCAGO C AfigSgATT 


481 


AGCGCAU C CAGAggX 


501 


AACCCCQ CI CCAAfifirT 


502 


ACCCCuU C CAACnnr 


508 


CCCAAGU tJ CfflAn&A 


509 


CCAAGuU c cnAn&c;i 


512 


AUwULw'J A tlACXIU^ 


514 


UUCLUAO A GAAfS^fV* 


534 


GGiGQACU A CSAggMis 


55€ 


CGCGGCU c tysR?ucc 


561 




562 




585 


GACKAD C Afisno^ 


598 


GGC0CCC7 C CSCCTXV? 


613 


>*%«N»WWVJ>« W WW www 


616 




617 


WW www WW W WU^«VUwW 


620 




623 


wwwwwAU W wWUJWOU 


628 


'wwkvW^iU v» UvJw^«%I^A 


630 


wwwUAA^ U UQACAAU 


631 


uwAUWUU U vanCAAuC 


638 


*J^«-AAu C GvGCCCC 


661 


V»s.^aAMWy w AAGAuCU 


667 


^^^^UwOAu w uGUCuAG 


687 


^-^■'^AAUU C wGGwAGw 


700 


wwu^jwwu C G^;%ajGsm 


715 


<tU\anMiiU W wUwwynC 


717 


CARAFmI 1 1 FT TH jw^M 1 


718 


WUftU^UW w wUACwGw 


721 


WWWVWWW A wUVjU^U\j 


751 


^^SGACACr U GAOGUGU 


759 


. GAGCWU A CUUCACG 


761 


GGOGOAQ tr OCACGGG 


762 


OTUJATO 0 CACGGGA 


763 


WCADUU C ACGGGAC 


792 


CGACGO; C COTUOCG 


U67 


GADGATO U CCCCACC 


1168 


ATOAGOU U CCCACCA 


1169 


^^GACyOU C CCACCAU 


1182 


AXXjCOGU u UCCOUCU 


1183 


OSGCGUa U CXTOJCUG 


U84 


GGOKJTO C CUUCUGG 
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835 
845 
849 
872 
883 
885 
90S 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1U5 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 
1704 



UUGUOIU 
GACCCG7 

ccoccca 

GCA0GQ7 
UGCGUSa 
CSDGOCa 
COGGCCg 
CXiGCCOO 
OGSAGCCJ 
ADGGMU 
XJQGSkKOU 
UUCCAGQ 
GCCAGAU 

ACGGGAn 

GAGACCD 
AGSVOCDU 
AOAOCW 

GAGOCCD 
AGCCCDU 



229 

c oGtsica: 

C OCOACGC 
A OOOUSAC 
C CUUJUJU 

c txxracc 

C CMDOnfi 
U CCGMCS 
C CGACC3SG 
C AGOGAGC 



A 
A 
C 
C 

a 

A 
A 

a 
c 
c 
c 
u 
a 



CCG GO C a 
UCCACCO 
GACGCAU 
tJGCGCOJ 
G C GCLW 

cceacCT 

UCAOCUU 
CUUUJUU 
CACCCOJ 
GCCCOAD 
OAOCCCIT 
AD C OCO U 
IXXXXMJ 
UUUACGO 
AOGUCW 
GCACCA0 
ADCAACa 
GAAGACU 
AAGACUU 
GACUUCU 
UDCOCCU 
CCUCCAU 
AOSCSACU 



9 OCKSODIU! 
C CAGC3ACC 
CCOSCCA 
OGAOSA 
GOCAOOQ 
AOOQSAO 
GAOGASA 
AAAGQAC 
OOCACC 
CAAGAOC 
AAGAGCA 
ADSAAGA 
OMJCAG 
tOGQGG 
CAOOGGA 
C AOOOGAC 
C Q\CCOCU 
C GAOGCAD 
0 GCOGOGC 
U OCOS CA G 
CO SCAGC 
AGCD0CC7 
CUUAXX: 

OOCAAGC 

ucocuuu 

CCUIUAC 
OAOdUCA 
O AOGUCA0 
A CGUCADC 
C ADCOCDG 
C CCOGAGC 
C AAOIADG 
A 0SADGAG 

a co ocuu; 

C D2CIX1XIA 
C CQOOOKT 
C CADOSCG 
CJ GCGGACA 
a CQCAGCC 



1187 

1188 

1198 

1209 

1215 

1229 

U37 

1250 

U68 

1279 

U81 

1286 

1309 

1315 

1318 

1331 

U34 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GUUIAXU a 
OUUCUlU c 
GGCAGAa C 
CAOGCCa c 
O CG GC CO a 
G GCO C C U C 
CCCAAGQ C 
OCAGGCa c 
COCUGOJ C 
CCAZ3SGU A 
ACGSOAU C 
ADCAGOX C 
OCC OMiU C 
UC0CAGC7 C 
CAGOXCX A 
AGGCCCa C 

00:0 001 C 

AOG OXJU C 
CDQCACa U 
tXXAGOU a 
GCS GG OC U 0 
CCDOGCT XJ 
GCOGOGQ U 
COUUUXJ c 
CCXSOCAU C 
CAUCOGU C 
.GACAACa C 
OCOUAGU 0 
COQAG00 0 
C6AG000 C 
AGQGCA0 A 
AXIOGAG0 A 
C'SAGGC0 A 
AOGCaA0 A 
aAOAAC0 C 

cooaoj u A 

CCCAGC0 C 
OOCOGC0 C 
C G GSGC0 C 
AP G CC C U C 
GC C U C CU 0 
CCOC CUU 0 
COCCO00 c 



CTOGGCA 
CGGQCAG 
AGCCAGG 
GGQC00G 
GGOCCOG 
CCCAAGU 
C0GCCCC 
CAOCCCC 
CAGCCAU 
0CAOC0C 
AGCDCCG 
OGGCCCA 
CCAGDCC 
COAGOCC 
G C CCCAG 
C0C3VGGC 
A GG C U G U 
AGAGGCC 
0GAOGAU 
GACCSUX; 
GCU0GGC 
GGCAACA 
GACAGAC 
ACAGACC 
CG0CGAC 
GACAAC0 
OGAGO00 
OCAGCAG 
CAGCAGC 
AGCAGC0 
PCCXKIGG 
COC0GAG 
0AACUOS 
AC0OC3CC 
GCCOAG0 
GCX3ACAG 

cuxTJcx: 

CAC0GGG 
CCQUUDG 
CUUUCAG 
0CAGGAG 
CAOGAGA 
AGGAGA0 
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1705 


TOOACOCr C OCAGCCC 


1707 


GAOJUCU C AOCCCGG 


1721 


GCXXSAGC C AGADCyS 


1726 




1731 


iUSCAGCCT C CQMOGG 


1734 


AGCUCCU A MGOaGU 


1754 


ClAiOXU C OCCAGAG 
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Table 19 

Mouse re/ >\ HH flibozyme Sequences 
SeqSence 



19 WXaJGOS aXSADtSAGGCCCSAAAG!^^ 

22 CaCCAC G COGAISSAGGCCXaAAGGCasWl AOGAGC? 

26 aSOCCGC aXSATOGCSCCGaAAGGCCGAA AOGGAGS 

93 cacaeGA axaDaaocccGaAAOGcccsAA acagadc 

94 tX»GSGS CWSWaGGCOjAAAGGCCGAA MtCHOMJ 
100 GAAAGAU COOaDSaGSOaSAAAOGCCGaA acaajAA 
103 AGGS^ COCaOBAfiSCOGAMfiSCOGAA itDSftSSG 

105 OtaOGGA aXSmSGCXXGaAAGGCCCSM AGADEVG 

106 aXSM»3 OXaUXSACGCCGAAAGGCaSAA. AAGADGA 
AOGCOa COCaUXSAOSCCGAWVSOra 

138 cocoe s coansReecoGaAAoscosaA aaggccc 

!*• 'l''**^^ CaSADtaoOOOSAAAGGCCGAA AOCOCCA 

isi Q<- Ujuut; croansacQocGAAAOGccsswi maaaa 

180 AiaGCCS COSAnSMGOCGaUAGGCOGRA ADCGCAD 

181 nainGOG cdsaogaggoosaaaggccqmi aadcgca 

186 GCADDDA COGAOSAGGCOSAAACGCCGAA AGCGGAA 

204 GCCCGCg aXSWXSAGGCOGAAAGGCCGJU AGOGOCC 

217 CGCCAGC COSAnaGOOCSJUUlGGCaaUl JUnOJGC 

2« OTOGOGG CaSMXaCGCXOAAAGGCrGAX ADCDGOG 

262 aSMJCOD CTSMXjaoOCaSAAAGGCCGAA ADGGDGG 

268 yCCADP COSADSAflGCCGAAAGGCXGAA AOCDQGA. 

276 OCCrooS CDGMTOOGOCGJVAACOCCGAA AGCOtfJO 

301 COGGGA CraosaOGCOSaWOOCCS&A ADDCGAA 

303 GftCCa CG aXSaOGaGGCOGAAACGCCGAA ASADDCG 

310 CCOOGGU CDGarowOGCCGRAWSOCCGWl ACOOGG 
OCRflGAG COSADSAOOOCGAAAtBCCGAA ABGGGCC 

326 qSCOGU U CaSMXSMGOCGAAAOGCCGAA AGGOGGA 

335 XKXXSGKJ axaUJGAOGCaSAJUtfSGCCCaU AOGCOGG 

349 OOCCCaC OISADGROSCCGAAAGGCCGWI AGOOOOT 

352 GCOSODC aXSMJSAGGCXauUOOCCQaA ADBADCU 

co^raG owaoaaoGcosaAAGOccGAA agccadc 

lit ' ^"^•'■^ COaUXaOQCCXSAAAGGCCGAA AGACCAD 

3"" MXXXJCA COGAOGAGGCCGAAAGGCOGAA Vymo cc 

391 CDGOGCA CTOAIXSAOGOCSAAASGOOSAA AGG0CA6 

409 ACCOROS COGAOSAGGCCGAAAGGCCGAA AnACOOC 

416 gftOSG A CaSAOSACGCaSAAAGGCaSBUV ACDOOOG 

417 GgPCOGG COGADGAGGCCGAAAGGCCGAA ASCDAtXS 

418 GGUDCOC COGAOSAfiOCCGAAAQOCCaAA AAOCOAn 
CACACOS COaADGAGOOOGAAASCCOGAA ADCCCCA 

467 CSAACAG CDSAtXSAGGCOSAAAfiGCCGAA AOCCOGG 

469 GCDGGCO CDGMGAGOCCGAAAGGCCSAA ADOOCDO 

473 COGADOT CaSAXJGAGGOCGAAAGGCCGAA ACDCAAA 

481 OGGOCOB CtXaKSAGGCOSAAAOGCCOAA ADDCOCU 
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501 AACSTC^ OTGAUGAGGCCGAJUGQCCSAA ASGGGUU 

502 GMCGOG OXSAIKUUSGCCGAAAGSCCGAA AAfiSGGU 

508 CaAOAGG COSADGAOGCOSAAAGCSOQBUl ACGOGAA 

509 OCQAQAG CCXSAXXjAGGCOGAAAOGOOGAA AACSOGA 
512 OCCOCOA COSADGAGCKXGAAAGGCCGAA ACGAACG 
514 OCDCCOC COGAOGAGQCOGAAAGGCOSAA AXZAGGAA 
S34 CAACOCX CDaAOSa(»XGAAAG5CCGAA AGDCCCC 
556 GSAAGCA CTOADGAGSCOSAAAOOCOGAA AGGCGCA 

561 CacCDGC aXSAOGAGOCOSAAAOOCCGAA AGCAGAG 

562 OSACC CTS OXSAOSAOQCOQAAAOGCOGAX AAGCAGA 
585 OCOOCOJ COSAOSACSCOSAAAGOOOCBUl AOSOCOU 
598 0CAG3AG CaSATOAGGCaSAAAGGCOaA AGGGg SC C 
613 C qSAGAfi aXSADSAGGCCGAAAGGCGGAA ACACGGG 

616 GAOSOGA CUGATOAOGCOSAAAOOOOQUl AOGACAG 

617 QS COaAG COSAOSAGGCOGAAAGGCOGAA AAGGGAC 
620 CADSOCO OTSADSACaCGAAAascaSAA ACGAAGG 
623 GAGAOSG OXaDSAOQCOGAAAGGCOGAA AGCAGGA 
628 OAKMA CCX«AOSAGSO0GAAAOGC0GAA ADOCSGAU 

630 OTMCA OXMXSAOOCGGMAOOCOSAA AAAD0G6 

631 GGDOADC COSATOAOGCCGAAAGGCaSAA AAAADCG 
638 GGAAOC aXSADSAGGCCCSAAACGCaSAA ADQGCCA 
661 P^KJCOQ COSADSAGQCOGAAAGGCOGAA AGCDC3GG 
6^ <^DO^^CA aSSAIXSAGGCCGAAAGGCaSAA A DOAX SA 
687 ^yJw LA aXSAOSaOGCCGAAAGCSCOGAA AGOTCCG 
700 CCCCACC COSAOSAOGCCGAAAGCSCCGAA AGOCAfiC 
715 GCAAGAA aWATOAGGCCGAAAOGCCGAA ADCTCAtT 

717 CACCAAG CDCaoSAOGCOGBUUyCWCOSAA AGADCDC 

718 ACACCAA OXSAXXSAGGCCGAAAGGCCGAA AAGADOJ 
721 CG CAW5 CTOADGAGGCCGAAAOCSCOCSAA AGGAGAA 
751 AOCCDC COSADSAOGCOQAAAOeOCCAA ADGDCTO 
759 OSOGAA A aX^OGAOGCCGAAAGGCTGAA ACACCDC 
''^^ ^^^^^^ COSAOSAflCCCGAAAGGCOCaAA AUACACC 

^^^^^^^'^ <=JX»IX5AOGCaaUU«3CCGAA AADACAC 

763 GOOCOSa axaiXSAOecCG5AAAC5GCXS3AA AAAnACA 

792 AGAAAA6 aXSAOSAOGCOSUUtfSaXGAA AOCCDCG 

795 OO SAC ^A CTOWXSAGCXXXAAAGOCaSAA AGGAGCC 

796 C003A GA aXMXacaXXBUUlQGCaS^ AAGGAGC 

797 QOTOAG COSADGAOGOOGAAAGOCCGAA AAAOGAG 
''^^ AfiCOOSA OXSAOSAOOOOGAAAGOCCGAA AAAAGGA 
829 QGAACac OWADSAOSCCGAAACGCCGAA AXX3G0CA 
834 CDGAOSAGGCCGAAAOGCCGAA ACACAAD 

Q^C^'g ^ CCXSADGAOQCCGAAAGGCCGAA AAC3U3UI 

845 COTO AOS OJSADSAOGCOGAAAOGCCGAA AGGAGOC 

849 COCGGCG COSArXSUKXCGAAAGGCCGAA ACGGAGG 

872 CGAACAG aXSAnSAGC»XAAAOGCCGaA AGCCOGG 

883 OTTOGA aXaOSAGCJCOCSAAAGSCCSAA ACOCGAA 

885 COBCATO CTSATOAGGCCGAAAOCSCCGaA AGACUCG 
CGAOCAG C0SAO3AGGCCGAAA0GCCGAA AGGCCGC 

906 GCGADCA COSADSACGCCGAAAGGCaSAA AAGGCCC 
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SIS GCOCACO aJGA0C3««XXaWlG3C0GAA AOCUCSC 

936 cmaw} cosaDsaaxaawwcscoGAA acdccmt 

937 AGOACaS aXSVDGAGGCaSAAACGCXEAA AACDCCA 
9« OGGCAAG cajMJGACGCasmGGCaJAA JU3X^ 

o« ""^"'SPs caaDcsA£Socofflu«£S3cosAji xaesussc 

9M COSAOSaOCJCCaVAAOQCCXaA ADCADCa 

!!; ^i^AMM: CasaDGBVGGCCGAAAGSCCXaUl AOTjOXS 

973 OCTCOro COGWJSAOOCCGAAACJXOSAA 

COtSMGaQOOOSAAAOSCCGBUi Acsoaic 
< i^^Jfi^ COSSUXaGSOOSAMGSOCGU ASCOCOJ 

1005 ACUCUro COSaOGAGXCGAMGSCCGM AGGOCOC 

1006 TOOTOT CCWnSMOCOGJUttGGOCaUl AAGGOCU 
lOlS trOOCWJ C0BXOSMSXC3MM»C0SM. ADRCOCa 
1028 TOSAAAC COGADSAtSMCBAAAOtSCCCaA AOJCODC 

1031 CCADOSA COGAOSAOGCCGAAAflGCCSAA ACCaCDC 

1032 OCCATO COSAaSAOOOOGRAACCajGWl AACGACD 

ajBAaaoa<XX3AAAG0CO3AA AAAOGAC 
CtSaajOG OXaOBAOOCOSAAAGSCCSIUl 
MM OWSAK COSAOSAOOOOSUUtOKOGaUl ASSOCOA 

^"'^ COSAreAOOCOaAAOQCXSSAA AmCGCC 
U U»v.>»>** axaUXaOGOOSAAAGOOOGAA ACQCACA 
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1082 ^uu -m iunji ASQOVCA 

1083 AC0TO3G CDaVtCAaSCOSAAAOQCtSSAA AACaCOO 
-OM ASAAGTO COGAaSAflOOCGAAACQOOGAA AfiDDDCQ 
1097 G3C»CAG aXSmSUSOCOBUM33CaaA ACCOGAG 
1 1 oi, aWAnSAOadoCSAAACSGOOGAA AACOOGA 
1102 GOTOS CtRaOaAQOCOSRAAGGCCGAA ACAGAAG 

COawSAGGCCCaAA(J^^ 
rtii ^'"'^ CO^nSAOQOOGAAAGGCOSAA AOADGGC 

OSCOSW CWAOSaOSCCGAAAGGOCGAA AGGGADG 
JraXOK aXSATOAOGCCGAAAQCX^ 
^^^^^ COSADSAGQCOSAAAOBOOSAA AGA0GC3A 
OWOQOJ OBAnaOQCOSAAAOtX^ 

«=wa<» ossAixsAOGcaauumxGAA Aixa^ 

OAACTD OJGACTSAGCXOSAAAOO^^ 

oxao cA axaasaoeoaaAArgxcGAA AcnoBMT 

;****«^ CaSADSAOOOOCaAAOOOOGAA ACOCAOC 
CRiAWaOQCOGAAAOQOOaAA AACDCAD 
M K ^M Wj COSaOSACQCOGAAAOSOOSAA AAACOOi 
OSADOSO COSAOSAOOCaSAAAaOCCGAA ACAOCAD 
COSAOSC aXSAnSAOOOOSAAAfiOOOSAA AACAGCA 
OOJGSAC COBADSAOOCOaAAAflSCCGAA AGGGGCC 
<^GaJGMS CroADCSAOOOOGAAAOJOOSAA AAOGQAC 

aWADGAOXaSAAAOaSG^ 
OCRGACT CDOAOSAGOOOSAAAOOOCGAA AACOCCC 

«»wca ccc»asAfi(Kcauu«^^ 

GaWA(30 CaaoSAfiOCOSAAAeSCCGAA AfiOGACC 
«®«a«00SMAO^^ AGCCGGG 



1097 

1098 

1102 

1125 

1127 

1131 

1132 

1133 

1137 

1140 

11S3 

1158 

U67 

U68 

1169 

1182 

1183 

1184 

1187 

U88 

1198 

1209 



1237 
1250 
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1268 CTOAZTSAGGCCGAAAGGCCGAA AGCOSGG 

1279 AGGMGG COGACGAGGCCG^AAGGCCGAA ACCACGG 

1281 CGOGCa CXJSMGACSCCGAAAGGCCG^A AGCCCAC 

1286 OMGGGA CDGATOAOGCOSAAiUSGCCGAA AACUCAH 

1309 ASACCT: G aXSfflGAGOCCGAAAGGCXXaA ACAGCSAC 

1315 GGGGGAG GXaoxSAOGCOGAAAOGOCGAA ACOGQSG 

1318 C OGGggg C05»DGACaXS3AAAC5C^^ Afl;UCro 

1331 GAOXjGG COSaXXSACGCOGAAAGGCaSAA ACGACCC 

1334 OCAOCUa OXSUXaOGOOGAAAGSCCGAA AG^AAAG 

1389 GGCOOCC CQG»»G3C0SUAGGC0GAA ACAGCSO 

1^13 ASC A DCX CaSXOSaCS CC gAAAGGCCGAA ACCGCXG 

1^4 COGAOGAOGCCSAAAGSCCS^Ul AACUGCA 

l^'' OCCAAGC COG a PaAOGCCSAAAGCSCCgAA AGGCCCC 

1441 U^UUiO: COmPGAQGCCGAAASSCCGAA A6CMGG 

1^^ GOCDGOS CDGAIDGAGGOOCSUVAGGCCaVA ACACOCC 

l^M U^iA^u CDSADSAfigOOffllJUGSCaGAX AACACOC 

1^8^ gOPCACX OXaaXSAOGCOSMAGGCaSAA ADGCCAG 

1^^^ ACSQOCOC OISAO5A0QCOSAAAGGCQQAX AOQGAAS 

1^* AAACCCa amiXS A CgOCCAAAGSCOGAA. AGOOGCC 

1500 COQOXSA axaUXaOGOCGAAAfiGCaSAA ACDCDGA. 

1501 GCasgjS OmzXaOCSCCaAAAGGCCGAA AAOJaJG 

1502 AGUJULV axatfXSAGGOOSSUUUSGCCGAA AAACDCU 
1525 ACaCAGG COCaDGAGGCCGAAAGGCOSAA ADGCACC 
-SSfi OTCAGGG axaZXSAGGCCGBUUlCSCaS^ ACDCCMJ 

OGAGOQA CDGAOGAGSCOSUUGGCOSAA kSCOQCX 

1579 GGCGAGU COGAIXSAGGCCGAAAGGCCGAA ACRGCTO 

AOCAGGC COSaOSAGGCCGAAAGGCCGAA AGCOADA 

1588 CCCTCOC COGADSaGCXCGAAAfiSCaaVA ACCSAGAC 

^^22 QSSG CftG aXjaiXaSGCOGAAAGGCCSAA AGCDGGG 

^^2® CCOACCG OWADGMOCCGAAACGCCGAA AGCAGGA 

1548 CyTO GG CTOADSAOGCCGAAAGGCCGAA AGCCCCG 

^^^^ c oj-*^^ creaosaGGCoauucsccGAA aggoog 

^^^3 Q OCOa^ axaiXSAGOCOGAAAGSCOSAA agcagag 

Ifi^j OCAOOIg cosaegaggoogaaaggccgaa aagcaga 

^^^2 ACCOCaS aXSWaVGGCCGAAAGGCCGAA AAGCGAC 

1680 OaOGAG OXaaSACGCCGiUkAOGCCGAA AG UOJU C 

1881 rocaCGA OTADGSaiSGOOGAAAGGCC^ AAGOCOa 
AAOSGAG axaPSaOGCCGAAAGGCaaAA ASMGUC 
CGCAADG CTOAXXSACGCOBUUIGGCCGAA AGGAGAA 

1690 tXroCCGC CTOAOSAGGCCGAAiUXKXG^ A0G3A0G 

1704 ACCWaC COSAXXSAOOCOSAAAOSCCSAA ACOCCAU 

1705 GAGCAGA aXSATOAGGCCXSAAAGGCOGAA AAGOCCA 
1707 AAGA GCA CTOADGACGOOGAAAGGCCGAA AGAAGOC 
1721 COSADCO COSAOSAGGOCGAAACSCCGAA ACDCAAA 
1726 A GSACC a OXaOSAOGCCGAAAGGCCGAA ADCUGAC 
1731 AOCDOAC COGAOSAGGCXGAAAGGCCGAA AGCUGAU 
^''34 AGCACOJ axyUXSAGGCCGAAAGGCCGAA AGGAOCQ 
1754 COCDOGG CEXSADGAGGCCGAAAGGCCGAA ACCACDG 
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93 
94 
100 
103 
105 
106 
129 
138 
148 



Table 20 

Human ml A HH Ribozyme Sequences 

nt Position HH Ribozyme Sequences 

IS OACWaC COSMGMCttSAAArWCCXSAA AKCRTO 

O^CA aXSADGAGQCCGaAAfiSCOGSVJl ACGAGCC 
26 " "^WJ'C COSACraeOOOGaAMSCOGaA ACU3ACC 

93 (aoosss cTOosReGcosAAAooccau juacooc 

casAosAGOcctsuukCGcasu xaausas 
ax3An3a(5KCGRAAfiacaaA agmgas 
«wADsafioxaAaccsd»A aagaoga 

CDSAOQAfiGCOSMVAOGCOSAA AGGG3CC 
148 GCWAMX COSMJSMOCCQUAOSCCOaA ADCUCCA 

151 GOTxoc qxaosAosocsMAGsccGAA ADjaoca 

180 OTOCSO axaaSAOOOCSMAOOOaSAA AOCOCMJ 

181 fxsnaas caansAescoaAAGSccxsAA aagcgca 
ocAcooG ajoaasAooccGAAAocscaaA agoggaa 

^OOGCG Ca a nr.AOGC ai AA»OGC0GAA ACCCCCC 
OOOTOK CtXaOSMKXaSAAAGOCCGAA ADGCOGC 
OTOGOBS OXaOESAOQCaaVAAGGCCQAA ACCDGUG 
«»DCOa COSM«aCC3CCaUUU3GCCGaA adggogg 

*Gcaro cosAosMocaaAAccsccxaA adcddqa 
aaoo» ojGADcaocxcawuiGsco^ 

°^°»QG CSWWXaGGCaSAAAOOXGaA AGADGCG 

ocrowo cootfxaoxcGAAACGCota^ 

axanSAOXCGAAACOCCGaA AGGITO 
^^^ ^ 9^ OTADSAOeOOGAAAOGCCGAA. ASGAGGG 

^G&idv^ aJsaosAGRxxswuusaxxsAA xseccco 
ww^wc coQMxaeooosAAMocaau accdcgo 
V...UWUW: coaaoBAesocauAOGoofflu acaaco; 

C03»OaAOSCCG»AAOOCCGAA AOCCADC 

<3«aaa<5xasuukCGcciaA AAGccAo 

«5CCWa COSATOAOXXGAAAeoCCGAA A<aA^ 
^■ Q^****^ CD5AOBA09CC(SAAAG3Ca3AA A GCUCA G 
CaaaSAOGOOSAAAOGCCGAA ADGCACC 
TOCTOGA CaJATOAflQCCXSAAAOGCCGaA ACDGOGG 
<300CI»S aXSAnSAOQOCGAAAGGOOtaA AACOGOG 
OSO'^ CDGAOCBUKXMGAAAOKa^ 
C»CACaS OTaOSAflOOaSAAAGCCCGAA AOTCCCA 
^"5**^ CtXJADSAOGCOGAAAOGCOaA AGCCDGC 
GC05ACT CWADGAaoCCGAAAfiGCaaA AOACCCT 
^OSCTOT CaSAOSAeOOCeAAAOSCCCaA ACOGAOA 

oggucug axanaAGcooGauu»GGcoGAA adgcgoj 

CaSAOSACQOOtaAAGGCCGAA AfiGGGDU 



181 

186 

204 

217 

239 

262 

268 

276 

301 

303 

310 

323 

326 

335 

349 

352 

375 

376 

378 

391 

409 

416 

417 

418 

433 

467 

469 

473 

481 

501 
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502 GAACUOT CUGACGAGGCCGVAACGCCGAA AAC G C SGU 

508 anUAGG CQGAZXSACGCCGAAAGGGOGAA iCSQGCSl 

509 aCOMAG C DGMGA G SCOGAAAGGCOGAA AACOOGG 
512 UCUUCra. COGADGAGGCCGAAAGGaZGAA AGCSAAOX 
514 GCDCQOC OXSAOGAGGCCGAiUUSGCCGAA AOAGSAA 

534 CAGGGCG COGMISAOGOCXAAAOGCOGAA AGOQCGC 
556 GSAAGCX CDCSUX3USGCCGAAA0GC0GAA AGCCGCA 

561 CACCOSG ai3AXJGAGGCCGAAAOG00GAA AOCAGAG 

562 tJCaCCOS CDSWSAGGCaaAAGSCOGAA AAGCAGX 

535 CUI A^ULU COmPS A QGCOGAAAGSCXGAX AXXSGSOC 
598 GCaflSCS COGAXXSAGGCOGAAAOGCOQAA AGGGOCC 
S12 GAGGAAG COGATOAGGCOGAAAGGCaGAA AOOGCG 

616 GADGAGG aXSAOSAGQCOGAAAGGQOSAA AGSACAG 

617 GGAOSAG C0GACGAGGCCGAAAQ300GAA AAOGACA 
620 AOQGGA0 CDGAOSAGGCOGAAAOGOOGAA ACGAAGG 
623 AAGAOSG COSADSAGGCCGAAAGGCCGAil AD3A0SA 
628 Uj U C AA X aXaPGAQGCCGAAAGGOOGAA J U DGS SA O 

630 A UUAXA OlSAIXaGGCCGAAAGOCaaA. AGADOQG 

631 GADOSOC C03AD3AG3CCGAAAGGCCGWI AAGAZX3G 
638 GG GGCAC CDSADGAGGCCGAAAGGCOSAA 'A005GCA 
661 AGADCQg OTSADSAGGCCGAAAGGCOGAA AGCOCGG 
667 CUUUUCA COSAXXSAGGCOGAAAGOCCGAA AOCDDGA 
637 GCDGC CA CTSATOAGGCCGAAAGGCaSUl AG UUtXS 
700 CCCCACC COSADSAGGCCGAAAOGCOaAA AGGCAGC 
"715 GGAGGAA CGSAOSAOGCOSAAAGGOOSAA ADCDCAO 

717 CACOAGG CDGAD3AGGC0GAAACSCCGAA AGADCDC 

718 ACACOAG C0GAD5AGGCCGAAAGGCOGAA AACADCa 
721 CACACAG CDGADGAOGCCGAAAGGCOGAA AGGAAGA 

751 AC A C CO C CDSAQGAGGCOQAAAGGOOSAA AIAjULOJ 
759 CGQGAAA COSAOSAGGCCGAAAOOOCGAA ACACCOC 

761 CCCGttA CraXXSAGGCCGAAAGGCCGAX ADACACC 

762 OCLUUUi C03AOSAGGCCGAAA0GC0SAA AADACAC 

763 GOOCOCa COSAPGAG G OCGAAAGG00GAA> AAAZIACA 

752 OGAAAAG aXSADSAGGCCGAAAGOCCGAA AOCCDOG 

795 roWGAA CTOAroAGGCCGAAAOGCCGAA ACGAGCC 

796 COPGC GA CUGAO3AGGC06AAAOG00GAA AAGGAGC 

797 GCDOGC G CTOAOSAGGCOGAAAGGCCGAA AAAOGAG 

798 AGCDOGC CTSADSAOGCOGAAAGGCOGAA AAAAGGA 
829 GGAACAC CTOADSAGGCOGAAAGGCCGAA ADCGCC A 

834 GGOCCGG OPSAOSAGGCCGAAAGGCCGAA ACACAAD 

835 GG G^X X U CCGADCSAGGCCGAAAGGCCGAA AAOCAA 
GCGOAGG CaSADGAGGCOGAAAGOCOGAA AGGGGDC 
GUCUGCG COSAOGAGGCCGAAAGGCCGAA AGGGAGG 

372 CGCACAG C0GACX5A0GCCGAAA0GC0GAA AGCCOGC 

883 GCA03GA COGADGAGGCCGAAAGSCOGAA ACACGCA 

885 CCGCATO COTADSAGGCCGAAAGGCCGAA AGACACG 

905 CGGCCGG CDGAIXSAGGCCGAAAGGCCGAA AGOOOGC 

906 CCGGOOG COGADGAGG O OGAAAGGCCGAA. AAGGCCG 
919 GCUCACa COGATOAGGCCGAAAOGCCGAA AOCOCCC 
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936 GOACaOG COGADGAGGCCGAAAGGCCGAA ADDCCAU 

93^7 GGOACOG CTOADSAGGCCGAAACGCCGAA AACOCCA 

942 OGGCAGG COC»IX»CSCaSAAiUSGCC^ ACCGGAA 

953 UCUiC Ui OXSADGAGGCCGMAGSCaSUl ACCCGGC 

962 C3GS0SAC COGAOSACWXCAAAGGCOSAA aXJDG OCU 

965 AOCOGGU CUGADGAGGCCSAAAGSCCGAA ACGAOCS 

973 UCUCLTJC CDGADSAGGOCSAAAGGCOSUl MCCGSU 

986 bUQlUUU OXSOTSIVOGCOGMAOGCC^ ACGUDOC 

996 U;UCTXJl aCAOSAGGCCGAAMSCCGAA ACGDCCa 

1005 GCUCUUS CGGAOGAOGCCGVAACSGCCSAA AGSOCSC 

1006 WCVm U COSAIXIAGGCCGAAAGGCCGAA A M G U T J 
lOlS UCUUCZAD OXSAOSAGSCCGMAOGCQGAA ADGCDOT 
1028 CDSAAAG OXSAIXJAGGCCGWVAGGCCGAA ACOCOTC 

1031 CCGCIWA OXSADSAOGCOGMACGCCSAA AOCSACCC 

1032 «:03CW ClXlADGAGOCCGAAAGC^XaA AACSACa 

1033 GOCOSCa COSADGAGGCCGAAAGGCCeSAA AAAGGAC 
1058 OGAGGOS COSAOSAOGCCGAAAGGCQGAA AGGCC G G 
1064 A Ui^Cwju CroAOSA G GOCGa U UtfSSOOCBUi i UysW(i A 
2*072 GCACAOC aXSAtXSAOGCCGAAAGOCQSAA ADGOGDC 

1082 COSOSaS OISAXXjAOGCCGAAAGKCXiAA aoscaca 

1083 GCDGCGG CDGADCSAGCXXXSUUU^^ AAQGCAC 
2^092 AGAACCO COSArattSOCCGAAAGGCTGAA ACCOGCS 
^097 OGGACAG CKADSMSQCCeSAAitfSOCCSAA AGCOGAG 
2'098 GSWACA CDGADGAOOCCaAAGGCCGAA AAGCDGA 

GCnOSGG aXSADSAOGOCGAAAGSCOGAA AOUSAAG 

1125 AAAGQ3A CaSAOSaOOCCGSUAOOCOCSAA AOGGCCG 
GOAAAGG CDGADGAOGCCGAAAGGCaSAA AUAGGGC 

1131 TOAOGOA CXXSADGAGGCCGAAAGGCOSVA AGGGAUA 

2^32 ADSACGO OKSATOAOGCCGAAjyGOCOGAA AAGGQAU 

-133 GA OSAQ g Cqg A PGa G QCCGAAAGGCOSAA AAAGGGA 

1137 CAGGGAD COSADSAOGCCXSAAAGGCCGAA ACGOAAA 

U40 GCOCAGG axSAXXSAGGCCGAAAGGCCGAA ADGACGC 

1153 CADAGOa axSAOSMOCOGAAAGGCCGAX AOGGQGC 

1158 COmOCA aXSAOaOCSCOGAAAOGCOGAA AGODSAC 

--^ GCOSOGA axaVOSAOOCajAAAGGCaSAA ACPCAUC 

1163 OOGOGGG CTSAITOAGGCCGAAAGGCCGAA AAOJCAD 

11^9 ADSGUGG CDSAOQAGOCOGAAAGGCCGAA AAACDCA 
A GAAGGA CXISAOGAGGOCGAAAGGCaSAA ACACCAU 

U93 CAGAAGG CGSADSAGOCOSUAGGCCGAA AACACCA 
OCAGAAG CDGADSAOGOCGAAAGGCCGAA AAACACC 

^8*7 tXSCCCAG CGSADGAGGCOGAAAGGCOGAA AGGAAAC 

1188 CUUOXA COGADGAGGCOGAAAGGCOGAA AAGGAAA 

^® CCGOGOJ aXSAOSAGOOOGAAAOGCCGAA ADCOGCC 

1209 CAAGG CC COSADGMGCCGaAAGGCCGAA AGGCCOC 
CGGGGCC COSAOQAGGOCGAAAGGOCGAA AG GC O G A 

1229 ACODGGG CDGAXXSAGGCtXAAAGGCCGAA AGGGGCC 

^3*^ GGGOCAG CDGAOSAGGCCGAAAGGCCGAA ACOTGGG 

1250 GGGCCUG CTOAOSAGGCCGAAAGGCCGAA AGCCOGG 

1268 ADGGOXS COGAXXaOOCCGAAAGOCXGAA AGCAGGG 
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1279 GAGCDGA COTADGAGGCCGAAAGGCOGAA ACOUJSG 

1231 CAGAGO; CDGAOSAGOCCGMASSCCGAA AnACGUT 

1286 CGOGCCA COGAIXSUSGCOGAAAGGCaSAA AGCOGAa 

1309 GGAaX3G COGAOGAOOCCXSAAAGGCCGAA ACAGGG3 

1315 GSGCDAG CDGAOQAGOCOGAAAGGCCGAA ACOOGGA 

1318 COGGGOC OXMCAQOomAAAry^^^n^ ^^ AOQACOG 

1331 GCCOSAG COSADSAOSCOSAAAOQCOQAA ACascCU 

1334 ACAGOCO COGADGAOGCOGAAAGGCOGAA AGGAGG3 

1389 GGCOJCO CTOUXSAGCKXGAAAGGCCGAA ACAGCCa 

1413 ADCAUCA fTrarTang»yauL;i/yy^xyj AA AC0QCA6 

1414 CASCAOC CaSAUa A QQ CCGA AAOG O CC AX AACOGCA 
1^37 G C G U G C COSA0GAO900GAAAG30CGAA AOGCCCC 
1441 DGUGGCC COGADGAGXOSU^AGGCOSAA AGCAAGS 

1467 GOCOSro CTGADGAGGCaSAAAGGCOGAA ACACRCC 

1468 GUJCU iU OIGADSAOGOCGAAAOGCOGAA AACACAG 
1^32 G0OGAO5 OXjADSAOSCOGAAAGGCCGAA ADGCC A G 
I486 AGOtXKT aXMGAGOCCGAAAGGCOSAA ACQGADQ 
1494 AAAOTO aXSADSAOGCOaUUV^^ AfiQQGOC 

1500 ClUCUaA COGADSAOGOOGAAAOGCGCSAA. ACOCGGA 

1501 GCOGCOS CWaDSAGGCCGAAAGGCCXSAA AACOCGG 

1502 AGCOSCa CTOAIXSAGGCCSSAAAGGCCGAA AAACOCS 
^S25 OCAC AQCS COSAIXSAOGCCGAAAGGOOQAA. ADGCCCC 
1566 COCAGGG CTOATOAGGCCCSUUU^GCCGAA AOJOCAZJ 
1577 OgftC OCA COBATOAOGCOSaAAGGCOGAA A CC CTCA 
1579 GQCg A g g CCXSADaAGSCOGAAAGGCOSAA AQAGQCD 
^33 ACOAG GC COSADSAGGOOGAAAOGCCGAA. AGOOAnA 
^S88 CDGOCAC COQAOSAGGCCeSUAGCSCCGAA AGGCGAG 
1622 GC3AGCAC OTSAOSAGGCOSAAAGGCCGAA AGCDGGG 
^^28 C CCAG0 5 CTOADSAGGCCXSAAAGGCOGAA AGCAGGA 

1^48 CAnoocsG cn camAr a ggc a j^ftffQ^^CTgvA aocccog 

^^^0 COSAAAG COaOSAGOCCGAAAGGCCGAA AGGCCAO 

ISO CDCCOSA CroAIX3AOGCC3GAAAGCjCOGAA AOGAQGC 

x:Lcaiu oxsAixauKKCTuuusGcaavA aaggagg 

^^^^ AOCTCCD aTSAOGAOGQGSAAAGGCCGAA AAAGGAG 

ISM GaOGAfi OXSAOSAOOCOGAAAGGCOGAA AG OCUUC 

^S81 TOSAGSA COSAlXaGGCCGAAAGGCCGAA AAGOCDD 

^S83 AA09GAG CtX^OSAOGCOGAAAGOOOGAA AGAAGOC 

1686 CGCAAD S OXSADSAOGOOGakAAGGCCGAA AGGAGAil 

^S90 JMJLXUC CTOAXXaGGCCGAAAGGCCGAA ADGGAGG 
OGCOSAG OXSAOSAGGCCGAAAGGCOGAA AGOCCAU 

1^05 GGGCUaA CCXIADSAGGCOGAAAGOOOGAA AAGOCCA 

1707 CAGOGO; COSAXKMOCOGAAAGGCOSAA AGAAGOC 

^"^^ COSADCa COSAOSAOOCOSAAAGGCCGAA ACDCAGC 

1726 AOGaGOJ OJSAIXSAGGCCGAAAGGCCGAA ADGOGAC 

1731 C CCaOAG CDGAXX3AGGCCGAAAGGCCGAA AGCDGA0 

1734 ACOCCDJ COBAUGAGGCCGAAAGGCCGAA AGGAGCU 

1754 CDOJGGG OKADSAGOCCXSAAAGGOCGAA AGGQCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



at. 

28 
29 
31 
33 
34 
37 
39 
44 
58 
65 
67 
69 
106 
136 
163 
177 
180 
181 
184 
190 
192 
193 
195 
198 
199 
205 
226 
228 
229 
243 
244 
253 
273 
286 
288 
290 
292 
295 
302 



GSCAGSU 
GCAGSOa 
A GUUUC - U 
iSUUCU C U 
D OgJCUU 
ULLUXti 

oocoxra 

COCACAU 
CAOCjOCQ 

cca co CT 

ACOCO OI 
CCDC U C U 

Assosca 

CAGGSCU 
OQGIXjCU 
O GOJO G U 
GCCCGUU 

ASCC UCU 
G C C U C UU 

omx r u 
uoccccu 

UCULXAAJ 
UCCUCmVU 
COtfGCU 
AOOCOCU 
QGCUOAJ 
CTXaCACU 

GfU5DSA0 

G3SA0CU 
(SAC C UCU 
CCUCUCCJ 

ucocaca 

COCQAAU 
CAGCCCU 



C (JUIUUJJ 
C qB DOJCU 
a ODUJCA 
C (J U LUC J IC 
C XKhOJJk 
C ACKACa 
A CTTOCCC 
C CACOCOC 

c C f cuuLxx: 

C OC C OC OG 
C OOCDOGA 
C CC3SA0G 
C CCOMSX 
C CAGGCGG 
U GOUOCUC 
U CCOCAGC 
C CQCAOOC 
C ASOCUCU 

c o oai a cu 
a cimcuij c 

C U DC UtJ OC 
C CUUOJUi 
0 OCUQAOC 
C C0GAD06 
C (jUUUCIAG 
C roCD GCC 
U CXJUULW 

c OGO C ou: 

U DSG AC OS 
U GGASmA 
C G GO ODCC 
C CXXTAQG 
C ULUOJA A 
C UCCMDC 
C t2AAOCA8 
A ADCA8CC 

c A Gooroc 

C tXS GO CC A 



at. 
Positloa 



321 

324 

326 

327 

329 

352 

361 

364 

374 

391 

421 

449 

468 

480 

484 

487 

489 

492 

499 

502 

504 

505 

525 

538 

541 

553 

562 

568 

570 

573 

586 

592 

595 

597 

604 

657 

667 

669 



Target S«qa«ac« 



GOCAGAU 
AQAOCAD 
AOCAUU; 
0CAX3CCU 
A0CGUQ7 
AG0 OT 5 0 
O CCA P G P 
ADGODOT 
AAAOCCa 
OGCAGCQ 
ADG0CCC7 
GASAQAU 
GOQOCAO 
Q GCCU G U 
05QACCU 
AOCOCAU 
COCADCa 
ADCaACU 
C0CASGC7 
A060CQ7 
GOCCUCU 
TOCDCUU 

Dococca 

AUUJULV 



ACACCA0 
GOOGCA0 
OOGQCOT 
G O OG U C U 

CCAAQGC7 

ACCULLU 
COCCUCU 
COSGCAU 
CCCDGGU 
AGCCCAD 
OOOUICCT 



C AUCUUCU 
C UCCCCGA 
U CCOSAAC 
C QCGAACC 
C GAACCCX: 
A GOCCAOG 
a GOAOCAA 
A GCAAACC 
C AASOXSA 
C CAGWUC 
C COQQQCX 
A ACCAOO; 
C AGAG3GC 
A CCDCADC 
C ADCOAa? 
C 0ACX3OCC 
A CDCCCAC 
C CXAGSOC 
C CQCDOCA • 
C OOCAAGG 
a CAAGOGC 
C AAGG GC C 
C CAOCCAU 

c ojcA or 

C ACCXACA 
C A CC O GC A 
C GO OSOC U 
C OCCOAOC 
C Ct2A0CAG 
A CCAGACC 
C AACCOOC 

c amuG 

C DCOGCCA 
C QSCCADC 
C AAOAGCC 
A UGAGCCC 
C QAOCDGG 
A OCUfUGA 
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671 




960 


UGGSAUU C AGGAAUG 


682 


6AGS3SU C UOCCAGC 


1001 


AACCACtJ A AGAAUac 


684 


(jCjOGOCU V CCAGCOS 


1007 


tiAAGAAU CJ CAAACDC 


685 


GUCJUOJU C CAGOXSG 


1008 


AAGAAUU C AAACEXSS 


709 


ACOSACU C AGCGCUG 


1021 


GGGGCCT C CACAATTT 


721 


CUGAGAQ C AADOQGC 


1029 


CAGAACCT C Ti^mnrv* 


725 


GAOCAAU C GGCOOSX 


1040 




735 


CCCGACU A dCDCGAC 


1046 




737 


OGACUMX c oogacou 


1047 


ACAGCOtT tl Gangy^'Ti 


739 


ACCXM7CC7 C GACUUUG 


lOSl 


CULUGAIT C ^^m^r*'x 


744 


CUUiACU U DGOOGSUj 


1060 


CwGACAD C CC&imrar 


745 


OCGACUU n GOOSAGU 


1067 


^WVNVWW Sir UVAWlUff%W 


753 


GCOGAGU C XXSSSCAG 


1085 


GGAGu.T-'U tJ tascanpTT 


763 


OGCAOGO C UACOOUG 


1086 


GAGCCUU tl Gsnnrns 


765 


OUXDCU A CUUUOQG 


1090 


CUUTOGCJ vJ COGSCCX 


768 


Gocraco a usggaxic 


1091 




769 


ocracDCJ a gggsujcx 


1113 


CAGGACn tl GVSUkA> 


775 


UaGG3A0 C AUUQCCC 


1124 


AAGACCtJ C Ail^tLimna^ 


778 


OGAZICAU tJ GCCCUW 


1129 


CUCAI!TJJ A ft^^&ni ir * 


801 


OGAACAU C CAAOCOU 


1135 


TOGA A ATT tl 


808 


CCAACCa 0 CCCAAAC 


USl 




809 


OACCUU C CCAAA06 


1152 




820 


AACGOO? C CCCUUCC 


1158 


v*«*i^JWWU u WWUWUWU 


833 


CrCCAAD C CCODQA^ 


1159 




837 


AAPCCQJ tJ UADQACC 


1162 




838 


ADCCOJU U ADOAOCC 


1164 




839 


ia:xxuuu a uoacccc 


U66 


CCUCaCU C CAGAOGU 


841 


CCUUUAU U ACCCCCU 


1174 


CAGAESBTI n npc^fiao 


842 


cauuADu A cccocac 


1175 . 




849 


ACOCOCa C CQOCAGA 


1176 




852 


eCOJUCU U CAGACAC 


1183 




853 


CCUCCUU C AGACACC 


1184 




863 


ACAOOCO C AACCJJCU 


1187 




869 


OCAACCa C UaCDOGC 


1208 




871 


AAOCCICU 0 CCXSGCUC 


1224 




872 


ACCDCUU C OOGODCA 


1228 




878 


UCUtfJCJJ C AAAAAGA 


1230 




890 


AGAGAA0 n GGGGSCa 


1232 


CCUCliAD n tBitKnnn 


898 


GGGGOCa C7 AGGOXX; 


1233 




899 


GGGGCUU A GGGUOiG 


1234 


OCUAUUU A rrajutirv* 


904 


DOAOGGU C GGAAOCC 


1238 


GUQACGU 0 UGCACUU 


917 


OCAAGCU a AGAACUa 


1239 


UOAOGUU CJ GCACOOG 


918 


CAAGCOtJ A GAACDOa 


1245 


UDGCACa a GOGADOA 


924 


OAGAACa n QAA0C3UI 


1251 


UUCWE3AU 0 AX;OaA00 


925 


AGAAOTQ U AAOCAAC 


1252 


0G0GAD0 A CUOAUUA 


926 


GAACOOn A AGCAACA 


1254 


UQAD0A0 0 0AaaAU0 


945 


CACCACU a CGAAACC 


1255 


GASUA00 0 A0UAUU0 


946 . 


ACCACOU C GAAACCU 


1256 


AIJ0A000 A OUAUUDA 


959 


CUGGSAD U CAOGAAIT 


1258 


^2AUtJUA0 0 AXJ00AU0 
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1259 

1261 

1262 

1263 

1265 

1266 

1267 

1269 

1270 

1272 

1273 

1274 

1276 

1277 

1278 

1280 

1281 

1282 

1294 

1296 

1297 

1298 

1300 

1301 

1315 

1317 

1334 

1345 

1350 

1359 

1360 

1361 

U62 

1386 

U93 

1394 

1401 

1414 

1422 

1423 

1425 

1426 

1427 

1431 

1432 

1436 

1437 

1438 



UAUUAUCJ 

QAOUUMJ 
AUUUAUU 
UUUAUUU 
UAUUUA0 
ACJUUA0C7 
QCADUACT 

Auuauuu 
UMDDCAD 
AUUUAIK7 
uuuaDDU 

AuuuaDU 
uuuaODU 

AU5UADU 
UjUaOOT 
UAUDUAU 
AuuuAUU 

GGGG OMT 
CCAACGU 
GCUUCCU 

GACAZXSa 
AOUXSDO 
CAO30DC7 

A GGCUW 
GSCWUU 
CCCMDGP 
CDOGCO; 

uuuuxu 

OIUXUU 
GCCUUCU 

c c uu c uu 

CPUOAJU 
UUUIKSAU 
UUUaADU 

OADSCUU 



0 niUTUUAU 
0 AUUUWU 
A OQOACUA 

n AZJOTUDua 

A UUAUUUA 
U AOUQATO 
A UDOMTOU 

U AIDGOAnCT 
A QDOAOCU 
C7 OKOCaAC 
U AUUUACA 
A OOQACAG 
U QX OGA P 
0 AOUSUDG 
A CAGAOSA 
A U0QKDDC7 
U QAOOGGG 
U AUUUGGG 
A UDDGQSA 
a IXX3GAGA 
C7 GC3GAGAC ' 
A U CJL U U U; 

c a xjLjjM 

A GGAOCOG 

C7 GGc o aus 

C AfiACACG 

C7 OLtJUJOA 
a CQGQGAA 
C CGDSAAA 
A G GOJUAJ 

C CCAUUUA 
A GO CO CDJ 
C O GOjCCU 
U CUUUUGA 
C UUUUUA0 
U QDGAraA 

a asAooAu 

a GAODADG 
a ADGQOUU 
A UUJUUUU 
U bUUUAAA 
a tTDOAAAA 
XJ OQAAAAD 



1440 

1441 

1446 

1448 

1449 

1451 

1456 

1457 

1461 

1464 

1466 

1479 

1480 

1494 

1498 

1501 

1512 

1517 

1528 

1533 

1537 

1540 

1546 

1549 

1551 

1552 

1566 

1572 

1576 

1577 



CGUUDUU 
GCUUOUU 
OUAAAAU 
AAAAOAU 
AAAOADa 
AUACUAa 
AOCOSA0 

AUUAAGU 
AACUCGU 

^QCOQAZ; 
GCOSACU 
CAAOXjU 
GGOCACa 
CACCCAC7 
GAGGCCJ 
C g CUUCU 
AGGCiAGa 
GOCGDTO 

CUSOAAU 
COGGCOT 
GCCQACU 
CUACDAU 
UACQAUU 
GAGAAAD 
UAAAOGU 

GOOGCDU 



a 

A 
A 
XJ 
A 
C 
U 
A 



AAAAUAU 
AAAUAXKJ 
OGACCCG 
ACCOGAU 
UCCGADU 
DGADUAA 
AAUJUCiU 
AGULXSUC 
C7 GCCJAAA 
C GAAACAA 
AAOAUG 

roccGAc 

GGvGACC 
ACOCAOU 
AOUGCOG 
GCCGAGG 

OCGUSCjG 

C tJGUAAOC 
AOCGGCC 
GSCCUAC 
CQACUCA 
OOCAGCG 
CAGCGGC 
AGD5GC3 
AAGSUUG 
GCtJUAGG 
U AGGAAAG 
A GSAAAGA 
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Table 24: Human TNF^ Hammerhead Ribo2yme Sequences 



sc. BB Rlbozym« S«qtt«Bc« 

Poaitioa 

28 GCSIAGAG CDCAOQAGCXTGAAAOQCCGAA ACOXSOC 

29 AOSAAGA. CTSAOSAOGCCGAAAOGCaSAA AA O C lXi C 
31 AGAGGAA COGAOSAOGCCS^AAGSCCGAA AGAACOy 

33 OSAGAGG OXSASGAGGCCGAAAGGCCGAA AGAGAAC 

34 GOSAGAG CCQAOGAGGQCGAAAGXCGAA AAGAGAA 
tXAPS a SA aXSADGACGOCGAAAGSOCGAA AGGAAGA 

39 ACCADSa CtXSADSAGGCCGAAAGGCOSAX AGAOGAA 

44 G GGOCAG CTOAOSAGGCCGAAAGGCOGAA ADGOGAG 

58 GAGGG05 OXSADSAGGCOGAAAGOOOGAA AQOOGOG 

65 G GOGAGA CO3A0SAGGCCGAAAOGCCGAA A GG GDSG 

€7 CAGGGGA COSAOGAGGCCGAAAGOCOGAA AGAGOGQ 

€9 PDCAGGG COSAOGAGGCCSAAAGGCQGAA AGAGAG8 

laS CQXUU i aXSAOSAGGCOGAAAGGCCXSAA ADCADGC 
136 ULUIXAW CDSADGAGGCOGAAAGGCOSAA AGGGCCU 

163 COQCCDG COCaXXSAGGCCGAAAGGCCGAA AGCCCUG 

1T7 GAOGAAC COSAOSAGGCCGAAAGGCCGAA AGCAOCO 

130 GCTOAG G CaSA£X»GOCCGAAAGGCGGAA ACAAGCA 

181 GGCOGAG OXSAjDGAGGCCGAAAGGCOGAA AAC3UU3C 

184 AGAGGCa COSAOGAGGCCGAAACGCCGAA AG5AACA 

190 AG3AGAA OXSAXXSAGGCCGAAAGGCCGAA AGGCDGA 

192 GAAGGAG COSAIX^GGCOGAAAGOCCGAA AGAGGCa 

193 QGAAGGA OWADCSAGGCOGAAAOQCOGAA AAGAGGC 
195 CAGGAAG COSAOSAGGCOGAAAGGCOGAA AGAAGAG 
1S8 GAOCAGG OXSAIDGAGGOCGAAAGGCOGAA. AOGAGAA 
199 • OGAOCAG CUSADSAGGOOGAAAGGOGGAA AAGGAGA 
205 COSC CAC COSAOSAGGCOGAAAGGCCGAA ADCAGGA 
226 GGCAGAA axauXSUSGCOSAAAGCJCOGAA AGOGOGC 

228 CAGGCAG CUSAOSAGGCCGAAAGGOOGAA AGAOOGD 

229 GCAOGCA COSAXXSAGGCOGAAAGGCOGAA AAGAGCG 
2^ CACDCCA COSAOSAOGOOGAAAGGCOSAA AGOGCAG 
244 OCACDOC COGAIXSAGGCOGAAAGGCOGAA AAGOGCA 

cratfxssusGCoauuusGcc^ adcaox: 

273 CCO0GG6 CCXSA08A0GCGGAAA0GCCGAA ACDCDOC 

286 OOAGAGA CDSAOGAGGCOGAAAGGOCGAA AGGUCCC 

288 GADOAGA COSAOSAGGCCGAAAGGCCGAA AGAjSGUC 

290 C CTSAPq A COSADGAGGCCGAAAGGOOGAA AGAGAGG 

292 GGCOGAa COGAOSAGGCCGAAAGGCCGAA AGAGAGA 

295 GAGGGCa aXSAOSAGGCCGAAAGGCCGAA ADDAGAG 

302 W3GGCCA COGAOGAOGCOGAAAGGCCGAA AGGGCOG 
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321 ASMGAD OXSAZXSAGGCCGAAAGSCCQ^A ADCDGAC 

324 OOGAGM COCSOXSAGGCCG^AAGSCCGAA ADSUJCG 

326 GUCOGAG CQGAOGAGGCCGAAAGSCCGAA ACSUDGAX7 

327 GSOOCGA COGKX^S^OSCCSAMG^^ AMADGA 

325 GG3G0UC CDGAXX3AGGCCGAAAG5CCSAA JUSUUSAU 
352 CADGGGC ClXSAXXStfl^SOCGAAiyOGCQ^ AOOGCa 
361 UroCUAC COGMXaCSCCGAAAGGCaSUl AOUDGGG 
364 OSOnUSC CCGAUGWSCCSUUkGQOCGAA ACAACAU 
374 OCAGOKJ QX^ADSAGGCCSAAACSCCGAA A G GS UbU 
3S1 OOCAOTS aXSAOGAGSOCSAAAGSCCGAA AOCDGCC 
421 OTGCCAS OTAZJSAGGCCSAAiVCSXX^ ACtSCAU 
449 AOCTOGa COSAOSAGGCCGAAAGSCCGAA AUCU C U C 
468 GCCCCCa CDQAZ36AOGCOGAAAG3CCSAA ADG3CAC 
480 GAI33AG3 CTGMGAGGCCGAAAGGCCGAA AOGGCC 
484 AGOAGAa CQgUXBUSSOCGAAAGGCCgAA AOSOACA. 
487 0G3AGGIX COGAOGAGOCCQAAAOESOOSAA ADSAGGQ 
489 CDGGGAG COSAOGAOQCCGAAAGQCCGAA JifiADGAG 
^2 GAOCOSG COSAXXSAGGCOGAAAOSOCGAH AGQAGAIT 
499 OaAGAC COSATOAG^^ 

502 OCUbUAA C05AZX3AGOCCGAAAG3CCGAA AO GA CC U 

504 GCCOTOG aX2AIX»GGCCGAAAG5CCGAA AGAGGAC 

505 GSCCCUU aJGAOSAOCXXXSAAAGCXXGAA AAGAGGA 
525 . AIAjUU Xi COSATOAGGCOGAAAGKCGAA AGGGGCA 
538 GGSOSAG COSADGAG5CCGAAAGOCOG5U AOCACA0 
541 UGOGGGU OXSAaSAGOXGAAAGSCCGAA AGGAGCA 
S53 CGCSGCa COSAZXaAGGCOGAAAGGCCGAA ADSgOG U 
562 AGACGGC CCGAD3A0GCCGAAA0QCCGAA AOQOGGC 
568 GGOAGGA CraOSAGGCCGAAAGGCCGAA A0 3GCU V 
S70 CDSGOAG COTMGAGGCCGAAAGGCC3AA AGAOGGC 
373 GGO COGG CTOADSAGGCCGAAAGSCOSAA AG6AGAC 
586 GGAGGOa OXiADSAOOOOGAAAOGQOGAA ACCOCGG 
592 CAGAGAC CreATOAOGGOGAAAOGCCQAA AGGOOGA 
595 tPSGCAGA CCaDGAGOOCGAAAGGCCGAA AOGAGGa 
597 GADOCGA COQADQ A GGOCGAAAGGCCGAA AGAOGAG 
604 GSCUCUU CaSADGAGGOQQAAAGGCOGAA ADSQOfi 
657 GGGCDCA COC»DSAOGCCGAAAO0CCGAA ACCAOGG 
687 OCAC AnA CCJGADGAGGCOGAAAGGCCGAA ADSOG QI 
669 UOCCAGA CTOAOGAGGCOSAAAGOCCGAA AGAOGGG 
671 CCOCCOl COGADSAGGOCGAAAGGCOSAiV AX2AGAZXS 
682 GCOQGAX COGADSAOGCOSAAAGBOOGAA ACCOCDC 

684 CAGOXSG COSAXXSAGOOOGAAAGGCOSAA AGACCCC 

685 CCAGOX; COSAXXSAOGCCGAAAGGCOSAA AAGAOCC 
709 CAGCG CP CDGaOSAGGCCGAAAOgCOGAA AG U UUUU 
721 GOCGATO CD5ADGAGGCCGAAAGGCCGAA ADCOCAG 
725 TOGGGCC CCGAOSAGGCCGAAAGGCCGAA ADDGADC 
735 GOCGAGA CDGADGAGGCCGAAACGCOSAA AGOOSGG 
737 AAGDCGA COSADSAGGCCGAAAOSCCGAA ADAGDCG 
739 CAAAC qC CDSAD3AGGCCGAAAGGCCGAA AGAOAGU 
744 CTOGGCA CDSADSAOQCCGAAAOGOCGAA AGOQGAG 
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745 ACOOG GC OXSADSAGGCCGAAAGGCCGAA AAGOCOA. 

753 COGCCCA COGATOAGGCCGAAACSCCSAA ACUCGGC 

763 CAAAGQA COSADGAGGCCGAAAGGCCGAA ACCCGCC 

765 CCCAAAG COGAXJGAGGCrGAAAGGCCSAA 

768 GAQOCCA C0GAD3AOGCCGAAAGQCCGUI ACOAGAC 

769 UQADCCC aXSATOAOGOOSUUGGCaSAA AAGOAGX 
775 GQGCAAU OXSAXIGAOOCCGAAAGGCCGAX ACCCCAA 
778 ACAGGSC C0SAOSAO0CCGAAAG3CCGAA iUDSADCC 
801 AAOGDDG CaSJOX^UQGCCGAAAGGCCCAA ADGUOCS 

808 GWUGUi COGJtfTGAOGCCGAAAGSCCSAX AGSUOGG 

809 OGCDOSS COGA0SAGGCOGAAAGGCC3AA 

820 G3CAG3C COSAOGAGGOOCSAAAGSCCaAA jySSCSCU 

833 ADAAAG3 C0GAOSAG3C0SMAGSCCGAA ACCG006 

837 GGOMXA CaCSADSAGGCOSMAGGCCG;^ AGSGADU 

838 GOGOAAn CCT3MGAGSCCGAAACGC0GAA AAGSGAU 

839 GSGGQAA CCXSAZXjAGSCCGAAAGGCCSAA AAACQCvl 

841 3UJUUUM C D G R D5AGQ 0 0CSAA A GG C C G AA. AOBUUUSG 

842 GAGGSG G C0GADGAOGCCGMAG3CCGAA AADAAAG 
849 OCOOJUUS CQGADGAOGCQGAAAOGCCGAA AC S GGGG g 

852 OmUCW CQGMGAOGOOGMAGGCCGAA AOCSAOGS 

853 GGOGOCa COGAXXSAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAOGUa CUGAOGAGGCOGAAAfiSCCGAA AC GGUW 
869 GCXJySAA C0GAOGAGGCX3GAAAGGCCGAA AOGCOGA 

871 GAfiOCAfi COGAXXSAGGCOGAAAGGOQGAA ACAGSDU 

872 D G A OO O l Cre ^ OGA G gCO GAAAOGCCS AA AAGAOGCJ 
878 UCUUUUU COGADSAOGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC COSADGAOGCCGAAAGGCCGAA ACOCOCU 

898 CGACCCO COGADGAOGCCGAAAGGCCGAA AOCCCCC 

899 COSACCC COSATOJUSGCCGAAAGGCCQA^ AAGCCCC 
904 GGGDOCC COSAOSAGGCCGAAAGGCCGAA AOCCQAA 

917 AAWUCU COGADGAGGCOGAAAOGCGGAA. AGCOOGG 

918 AAACOOC CUCSAXXSAOGCOGAAAGGCCGAA AAGCDUG 

924 UDOCDGA CUGAUSAOG CCGA AAGGOCGAA AGOUCOA 

925 GIWULVU COGADSAOOCCGAAAOGCCGAA AA GUII C U 

926 OGUOSCa CDGAOGAOSOCGAAAGGCOSAA AAAGOUC 

945 OGUDDOG COSADGAOGCCGAAAGGOCGAA AGOGGCG 

946 AGGOOOC COGAOGAGOOCGAAAGGCCGAA AAGTOGU 

959 ADCCCUi aX»D3A0GCCGAAAGGCCGAA AOCCCAG 

960 CALIUJCU COSAXXSAGGCCGAAAGGOCGAA AASCOCA 
1001 GAADOCCr CaCMGAGGCCGA AA GgOOGAA AGGGGOU 

1007 CAGUUUG COBADCaOGCCG AAA QGCaSUl AUUCUUA 

1008 COGOUa COGAOGAOOOOGAAAGGCCGAA AAUOCOU 

1021 AGoaccn cogadsmxxcgaaaggccgaa aggcccc 

1029 COOC3UjC7 cpgadgaggcoga a a g gcogaa agcdcog 

1040 aaaocdg cogaogaggccgaaaggccgaa aggcccc 

1046 gggauca cosaosaggccgaaaggccgaa agcugoa. 

1047 agggaz3c c o ga o gaogoogaaaggoogaa aagccgd 
1051 ugucagg cosaosaggccgaaaggccgaa aocaaag 
1060 gaudcca cogadsaogcqgaaaggcogaa acgocag 
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GKDCCA CaC3ADSaCGCCGAAAG3CCGAA ATOCCAC 

1085 AGAACCA axanSAGGCCGAAAGGCCGAA AGOCOCC 

1086 CAGAACC COGADGAGoCCGAAAGSCCGAA AAGGCUC 

1090 0SSQCA6 OX^AOSAGGCCGAAAGGCOGAA ACCAAAG 

1091 COTGCCA COGaDGAGKXGAAAGCSCCGAA AACCAAA 
1113 WOTCUC OXSATOAGCSCCGAAAGGCCGAA AGOCCUG 
1124 CdAGSa GDSKDGAOQCOGAAAGGOOSAA AG SUCUU 
1129 CAAOUITC COSAOSAOGCCSAAAOGCCSAA AGGOGAG 
1135 UUiUGUC: C05AD5AGG0CGAAAGGCQGAA AUUUCUA 
U^l AAGGCCU CDSADGAGGCCGAAAGSCOGAA AGCOC C A 
1152 GAACGCC a x aDSAGGCC0AAACGCC3GAA> AAGGDCC 

1158 AGAGAGG COS M XaWQGOOgAAAGSCt IaA A> A GG OC UA 

1159 GAGAGAG OXSADGAGGCCGAAAGGCCGAA AAGSCOX 
U62 C03GAG A CTOADSAOQCCGAAAGSCCGAA AG»AGG 
1164 ACCOSSA CCXSADSAGGCCGAAAGGOOSAA AGAGGAA 
llo6 ACAZ^rro CaSADGAOGCCGAAAGGOCGAA AGAGAGG 

1174 G0C05GA CraAOGAGOOOGAAAGGCOSAA ACADCUG 

1175 AGQOXfS CT5AP3AflGC C GAAAGSOOSAA AACADCa 

1176 AAGOras axaWDBAOMCGAAAGGOOGAA AAACADC 

1183 CTCAAGG ClXSAaSaGGCCGAAAGGCCGAA. AGDCOGG 

1184 OCUCAAG ax;AaGAGGOCGAAAOGCOGA;i AAGGCDG 
IIS'^ GOSOCUC aXSADGAOGCCGAAAGSCOGAA AGGAAGCT 
1208 OCAOGOG CaSAaSAGGCOGAAAOQOCGAA AGGGCUG 
1224 AOAGAGG CDSAIXaGGCCGAAAGGOCGAA AGCOQGC 
1228 AOAAADA COCSADSAOGOCGAAAGQOCGAA AG33A0C 
1230 ACAOAAA ™ ^" ?Am ca ^A narTTaA AGAG9GA 

1232 AAACAUA COSADGAGOCCGAAAGSCCGAA AOAGAGG 

1233 CAAACAD CTOADSAGGCOSAAAOCXraAA AAOAGAG 

1234 GCAAACA CDGADGAGOCCGAAAOGCOGAX AAADAGA 

1238 AA GCGCA CXX3ADGAGQC0GAAAGGCCGAA ACADAAA 

1239 CAAGCXjC aXSAOGBUSGOOGaUUGSOOGAA AACAOAA 
12^5 OAACCAC CDSAasauSGCCGWUUSGCOGAA AGOGCAA 
1^51 AADAAAO COSADGAGGCOGAAAGGOaSAA AOCACAA 
1252 QAASMA g^Aa^^^XCTgAAAQQCTGAA AAOCACA 
1254 AAUAAnA OXaDSAOGCCGAAAOGCOGAA AGAADCA 
^35 AAAOAAU COOADSAGGGOGAAAGGCOSAA AADAAX3C 
1256 UAAAOAA COSAraGGCCGAAAOQOOSAA AAAOAAH 

1258 AAIAAAZ7 OXSADSAOOOOGAAAOSOaSAA AjQAAADA. 

1259 AAADAAA COBADGAGGOOGAAAGGCOGAA AAIIAAAn 

1261 ADBUUm aCADSAGOOOGAAAGGCaSAA ADAAIIAA 

1262 AA P AAAP CaSAa3AOOCCG A AAOSCOGAA AADAAZ2A 

1263 UAADAAA COSAaBAOG0CV5 AAA GgCCGAA AAAOAAU 

1265 AADAAIOA COGAOSAOSCC3GAAAGSCOGAA AXJAAADA 

1266 AAADAAa COSATOAGGCCGAAAOOCOGAA AAOAAAU 

1267 UAAAXJAA COGATOAGGCXGAAACGCaSAA AAADAAA 

1269 AAUAAAU COSAOSAGGCXGAAAGGCCGAA AnAAADA 

1270 AAADAAA aXSADSAGSCCGAAAGGCCGAA AADAAA0 

1272 AOAAAnA COSADQAGGCCGAAAOGCCGAA AX3AAQAX 

1273 AADAAAU COSA0SAGGCCGAAAGGCOGAA AAXSUOIA 
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1274 AAADAAA COGAnOAGGCCGAAAGSCCGAA AAAOAAU 

1276 Ca^AAOT^ a3GAP5AGGCCGAAA GGC C G AA AXAAAZiA 

1277 UGOAAAU CUGAOGAGGCCGAAAGSCCGAA AADAAA0 

1278 CCOJAAA CUGAO3AGGC0GAAAGGCCGAA AAADAAA 

1280 ACCDGUA OXSAOSAOGCaSVAAGSCCGAA AOMAOA 

1281 CMJCOGa CaaAIXSAOGCCG;UUySCKS^ AACAAM7 

1282 OCAUCIU COSMGAggcOGAAAGSOOCSAA AAMAAA 
1294 AAA PaOA. COGAOSAGOOOS^UlAfiSCQSAA ACADOCX 

1296 CCAAAOTl CDGftDSAGGCCCSAAASSCCGAA AOACAUU 

1297 CCCAAA0 COGAOGACSCCGAAASgCCSAA AAZACAU 
U98 OQCCAAX axaa3GSUS3GCGAiUGSCC»A AAMACX 

1300 aCJCUJA aXi^XX;AGGCCaAAAGGCX]C^ AOMACA 

1301 GroJLXr CXIGAOSAGGCXXSAAAGGCCS^ AACBUUD 
1315 CQCAOGA OlSADGAGSCaSAAAGSCCGAA ACOCO GG 
1317 CCOCCft S COGAOSAOGCCGAAAGKCGA^ AnACCCC 
1334 OGCDCC aXSAOGaGSCCGAAAGGCOSAA ACADOGG 
1345 COSAGCC aXjAOSAGGCOSAAAGSOCGAA AGGCAGC 
1350 CASGOOJ CPSACGAGGCCSAAAOGCQQAA AGOCAAG 

1359 OOGGAA CDSAXXSAfiQCOGAAAGSCOSAA ACADSOC 

1360 OCACXiGA CTOADGAOGCCGAAAGGCOGAA AACADGO 

1361 UCCACGG C05ACGA0GC0GAAAGG C CGAA AAACAZXS 

1362 UUUCAC6 COGADSAGGCQGAAAGGCOGAA AAAACA0 
1386 AACAGCC CCGADGAGGCCGAAAOGCCGAA ADOGODC 

1393 ACADG3G OXSAZTQAGGCCGAAAGSCCGAA ACAGOCQ 

1394 UACAOGG COGAXXSAGGCCGAAAGGCCGAA AACAOOC 
1401 AGSGGGC CDGAZ3GAGG C 0GAAACGCCSAA ACAD5GG 
1414 AGGCACA CQGAOGAGGCQSAAAGGCCGAA AGGCCAG 

1422 DCAAAAG CDGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 ACCAAAA COSAOSAGGCCGAAAGGCCGAA AAGSCAC 

1425 lAASCAA C0GADSAGGCCGAAAG5C0SAA AGAAOGC 

1426 AZSUXXA COGAOSAGGCCGAAAGGCCGAA AAGAAGG 

1427 CAX3AADC COSAOSAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAI7 COGADGAGGCCGAAAGGCOGAA ADCAAAA 

1432 AAAAACA COG A PGAGGCOGAAAGGCCGAA AADCAAA 

1436 UDOAAAA COGADSAG GC CG AA AGGCCGAA ACADAAU 

1437 OQUOAAA COGAPGAC G CO G AAAGGCOGAA AACAOAA 

1438 A PgCOAA aXS3U3G A GGC C GA AA GGC C GAA AAACADA 

1439 UAOOOQA gyS A DSAGGCCGAAAfiGCOGAA AAAACA0 

1440 ADACDUa OTSADSAGGCCGAAAGSCCGAA AAAAACA 

1441 AAXZAX^ OJGAOGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGAQAA COSADGAGGCCGAAAGSOOSAA ADTOOAA 

1448 AOCAGW OJGADGAGGCOGAAAOGCOGAA AOAOUDa 

1449 AADCAGA CQSADQAGGCOGAAAGGCCGAA AAQAUOa 
1451 OUAADCA OXSAOGAOGCCGAAAGSCOGAA AOAAQAIC; 

1456 ACAACDU COGADGAGGCCGAAAGGCOGAA AJETCAGAU 

1457 GACAACtJ COGACGAGGCQGAAAGGCbGAA AACCAGA 
1461 UOOAGAC COGAOGAGGCCGAAAGGCCGAA AOTOAAU 
1464 WJGUUUA OKSAOSAGGCCGAAAGSCCGAA ACAACOT 
1466 CAUOGOa CUGADQAGGCOGAAAGGCCGAA AGACAAC 
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1479 GUCACC^ OXSADGAOGCCXSAAAGSCCGAA AOCAQCA 

1480 GSOCAOC COSAIXSMSQCOGMAGSCOGAll AACGUSC 
AAZXSAOa OSGADGAGSCXGAAAGSCCGAil ACAGOOG 

1498 COSAOSAGGCCGAAAGSCOGAA AGOGACX 

1501 COKI^UjC CqSADSftajCCGAAAGGCCGAA AOS3US0G 

1312 GSSAfiCA COGADGaGG Ca S A A A GGCCGaA AOGCCUC 

1517 COCOSSG COGAOGAGGCOSAAAOGCCGM AGOWSAG 

1528 CAGACAC aXSUXMOGCXGAAAGQCCGAA ACOCCCO 

1533 GADOACA COSUXSUSGCOSAAAGGCCGAA ACACAAC 

1537 G3COSA0 COGAOGAOOCCaAAAGGCCGAA ACAGACA 

1540 GOAOGCC COSMDGAGGCCGAAAOGCOjAA ADOAau; 

1546 tXSAADAG C a S A DG A GGCCG A A A CSCCGAA AGGCOGA 

1549 CACOGAA OXaOSAGGCOGAAAtSGCOSAA AGCAGGC 

. 1551 G0CACO5 CSGAOSAOGCCGAAAGGCCGAA PJMSJfC 

1552 OGCCACa COSMISAGGCOGAAAGGCCGAA AAOAGOA 

1566 CAACCDU COQAZX3AGGCCGAAAGGCOGAA ADOOCOC 

1572 OCOAAGC COG A OaA O GCOGAAAGGOOGAA AC CUUUA 

1576 gJUUXU COSADSAGGCOGAAAfiGCQSAA AGCAACC 

1577 UOAAXr C05ADSMG0GGAAAGG00GAA AAGCAAC 
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Table 25: Mouse TNF*a EH Target Sequences 



PCT/D95/00156 





BE Tarffttt S«ga«ace 


nt ♦ 






?eaitioa 


66 


OsCauUUtJ a GeueCcA 


324 


101 


GSCAOGU U COgOoOC 


347 


lOX 


GSCAGgU u CuGOccC 


364 


102 


OCAGUUU C OjgOoGTO 


366 


102 


gCVCgCU e ugOXCa 


366 


106 


CiUUCUgO c GOXtfm 


369 


UO 


o^eoca tt ocAcucA 


376 


111 


gocccro u cacooyc 


390 


111 


guoccua u cxcucac 


396 


112 


tTcccuun c ACttcjyea 


401 


116 


tSUOCACa C AcOGgcc 


404 


137 


GCCaCAU C xiOCeOCc 


406 


139 


caCAuCa C CCOCcAg 


406 


177 


GC3^OGA0 C OGcGAOS 


407 


207 


ACGCaCa C CCCcAaA 


409 


228 


OGGGCuU C CAGAACCX 


409 


228 


GGGGCUU c CA6aAc0 


409 


236 


CAGaaO; C CXSGQSS 


432 


236 


CSUSaACa c cAGgcGg 




249 


GGugCCa a U^tJCOcA 




249 


GGuGCCCJ a OOucOCa 


444 






501 


261 


tICAGCrU C ODCOCair 


560 


261 


tICAgCCa C UUCOeau 


560 


263 


AGCCoca a cocaroc 


564 


263 


AflCOXAl U COrmiDC 


567 


264 


OOCUCUU C OCaODQC 


569 


264 


gOCDCUU C UcauDCc 


572 


266 


CCCUUW C aPOOCUU 


572 


269 


OOCOCaU U OCOGcOd 


572 


270 


tICOCaOCJ C CXXScOtiG 


579. 


276 


TJOCOGcO u GOGQCAG 


580 


297 


CCALXiUJ C UOCOSuC 


580 


299 


ADGCUCU a COGuCCbi 


582 


300 


OGCULtlU C OGuOniC 


582 


304 


CUUCQgrO c uAcCXSaa 


584 


306 


KOGUeU a cOgAAcO 


585 


314 


CCXSaACU U cGSgGOG 


608 


315 


UGaACUa c GGgGOSA 


615 


315 


iiGaaCOa c GGGguGa 


615 


324 


gGGOSaU c GgOXoC 


618 



HB Target S«^wc« 



GgGaGA0 
GA6Aag(7 

ccoceoj 
occcoca 

OcCCCCU 
OXXJtJJJ 
CAOuuCQ 
AgACCCa 
ucaCAcO 
COCAGAU 
AGAZ3CAIT 
AIAIUJCU 
ADbADW 
OC3lUCUt7 
AUUJUCU 

Aucuuca 

AGOCOG U 



C GQuCCCC 
u eCCAaaU 
C DcADCAG 
c ADCAOuu 
C auCAOua 
C At^AiCDa 
a tXSGCCCA 
C AcaCDcA 
C A GAOCStfy 
C ADCUUCU 
C OOCDCaA 
U COCaAAa 
O cOcaAAA 
C OCaAAau 
C aAAauuC 
c AaAAOOC 
c AAAauOb 
A GCCCAcG 



AcGDbGa 
AcGCC OJ 

GGguOGU 
OSOACOJ 
AOC0UgC7 
COiigOCU 
^iCCQACQ 

GuCDacU 

ocawsGo 

CCAGguU 
CCaGGua 
AGGUUCU 
AGGOiiCU 
GQUCGCO 
UUCOCDU 
CcCGaCa 
acgOGc0 
AcGOGOT 
DGCCXXa 



A (SCAAACC 
C COOGCCA 
a OCUUguC 
A OCCAigOC 
u gtJCOACQ 
C OACQCCC 
A CnCOCAG 
C CCAOGOU 
e OQtfjguu 
C OCAgGUU 
u 

c uCUacAa 
c CCuacaa 
C OOCaagg 
C OUCAAOG 
a CAAOQGa 
C AAOGGaC 
a CgugCDC 
C COCAcCC 

c oxauax 

C ACCCACA 
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630 


ACACCgD C AGCCSau 


940 


630 


AOUCCga C AgCCgaU 


943 


638 


agcCgAU u uOCXJWc 


972 


643 


aODOGcd a uCDtAuA 


972 


645 


^AiGCuaU C OCaOACC 


973 


647 


GCuaDCU C aOACCAfi 


984 


663 


agAAaGa C AAOCOCC 


984 


669 


ocMocu c cucucro 


985 


669 


tXcAAcca c cTcOCCG 


997 


672 


ACCOOCtJ C OCDSCCg 


1010 


674 


iajccucu c OGcccroc 


1017 


631 


cOSCCgU C AagaficC 


1018 


681 


COGCCgU C AAGAfiCC 


1019 


681 


CtX^cCgU C aaGAgcC 


1073 


734 


OCCUUUU A OSAGCCC 


1096 


734 


CccIXjGU a ugaOCCc 


U06 


744 


ACCCOtfJ a XJKeOOGG 


1107 


746 


OCCMXbU a eCTJQOUA 


1108 


759 


(SAgGAGC; C maOCAGe 


1115 


759 


GAOGaGU C UOCCAGC 


1133 


761 


GGaGCXrU U CCAGCDG 


1164 


762 


GaGUCUU C CAGCOUir 


USD 


786 


ACCaAO; C AGOGCOG 


1203 


798 


OXSAG^a C AADCUGC* 


1210 


802 


GgOCAAU C uGCQCaA 


1211 


812 


CCCaAgO A cuOhOAC 


U14 


816 


AgOAcua a GACUUUG 


1218 


821 


uD^U3Aa7 U OGCgGAG 


1218 


822 


O^GACOa U GCgGAGU 


1213 


830 


GCgGACa C cGGGCAG 


1218 


840 


GGCAGGD C OACOUDG 


1219 


842 


CAGGICU A CDDUGGa 


1219 


842 


CAGguca a CUDUgGA 


1226 


842 


cagGuca a CUDOigGA 


1226 


845 


GOCOACCJ 0 GGGagOC 


1227 


846 


tXOACOa U GSagOCA 


1227 


852 


UCISGaga C ADOGCuC 


1228 


855 


GagOCAXT 0 GCuCDGQ 


U38 


887 


AOCCaOU c ucOAOCC 


1262 


891 


AuucuCU a OOCaGCC 


1283 


905 


CCcCaCa C OgaOOOC 


1283 


905 


cOCCafiQ e PgACOCC 


1285 


905 


CeCCACa c uGAecOC 


1287 


914 


GAcOCca XJ uacOCOG 


1287 


915 


ACCCCuU u acUCuGA 


1288 


919 


CDUUAcU c \igaCCeC 


1289 


928 


GACCcOJ u UaOugOC 


1293 


928 


gAcCOCU U QACQguC 


1293 


932 


OCUUCZAXJ a guCuaCU 


1294 



c 

PCr/IB95A)01S6 



GuCUACU c cUCAGaG 
uAa7ccU C AGaGcCc 
QCtJaaCa u AgAAAGg 
ucaa&o; u AGAaAgG 
CaaACuU A GAAAggG 
ACcCgAX; O auGGcuc 
^OGGgaU U aOGgCUc 
GGGGauO a «GGcUCa 
CcAGAga c CAAcucu 
C^>9UGCD c AGAgCUU 
cAGAgCa U UcAaCAA 
AGAgCUU a cAaCAAC 
GAgCUbU e AaCAACu 
C3<SGGCC0 c ucAXTKA 
AAGgAcCr C AAAugGG 
aCGGGcU U uccGAAU 
^'SSGcaa u ecGAAOU 
GGgCuOa e cGeaOUC 
CcGAAu0 C ACOGGaG 
OGAAugO C CAuuCcQ 
mOGgO c AgGOQGc 
treoguea e agaADGA 
"GAuOJ c AGGCCTO 
cACOCCU a CCOacCU 
AGGCCW C OJacCTu 
CCUUCCU a cCIAiCAG 
CcuACcQ u CaGACCU 
CCuaCCU U CAGACcu 
cCUACca u cAgACCU 
CCUacCU u CAGAccU 
CUaCCUU C AGACcuu 
CaAccau c agACcUU 
CagACCa a uCCAgAC 
CAGAccU a CCCAGAC 
agAOCUU u CCAgACu 
AGAceUCr U CCAGACa 
GAecOro C CAGACUc 
SACOCuU c eCO^AGG 
CAGOCuO C CuCAcaG 
CCCCc eP C uaCUOAQ 
eCcOCCU C 0AUUUAU 
cCCCOCU A CUnAUaO 
CcuCOAU u UauAuTO 
CCJCUAU U T3AUaU0U 
COCJMJU U AUaOOOG 
CTCUAXJGU A UaCUCGC 
CUCAUaa U CGCACU0 
uOUaOaU u CGcAcOu 
UQAHaCU U GCACUUa 
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1300 


UDGCACa U aUUAniXi 


1462 


1303 


CtoiOatJ u AuK^iADU 


1470 


1304 


acOUAOJ A QUOADCBl 


1472 


1306 


UUAnUW U QADCSUSU 


1473 


1307 


uAUUAUU 17 AUUALHJU 


1474 


1307 




1478 


1308 


ADOMDOCF A QQMOQA 


1479 


1310 


UtolXaAU U AOUnACD 


1479 


1310 


tADDGAU U AOUUADU 


1484 


1310 


XKXXJhO V ADOQKDCX 


1498 


1311 


ADUGBURj A Duoraro 


15U 


1311 


ittlOQADQ A ODtlADro 


1514 


1311 


AlzuOADO a OuUauUD 


1516 


U13 


OQATOAET 0 OADOGBU; 


1529 


1313 


uuauuaIT 0 QAUUUAn 


1529 


1313 


unMDOAIT u OauOOAu 


1530 


1314 


CAuuAUU U A00QAZK7 


1530 


1314 


OAUUAUU Q AUUUKD? 


1563 


UlS 


AiiuAUUU A UUUAUUA 


1563 


1317 


QAuuuaU U UAUUAUU 


1568 


1318 


AUUUAUU U AUOAUOT 


1589 


1319 


UDQAOUU A UCQVDUOA 


1592 


1326 


ADUADUU A UOnAUUU 


1617 


1328 


UAOUUAU U OADUUSgC ' 


1623 


1329 


AuuuaDU 0 ADOOgCu 


1633 


1330 


UUUAUUU A UUUgCuu 


25 


1332 


UADUQAU 0 UigCViuAU 




1333 


AUUQAU0 0 gCuuADG 




1337 


auUOGC0 0 AuGAAuG 




1338 


uOOSCDU A uGMuGu 




1346 


0SAAXXj0 a 0UUADU0 




1348 


AATOGAU 0 0A0O0QG 




1349 


AD5QAD0 0 ADUCXSa 




1350 


O5GNDQ0 A UDUQGaA 




1352 


UADUOAU u UGGaAGG 




1352' 


0AU00AU 0 0GSaAGg 




1353 


ADUQADU 0 QGaACgC 




1369 


OSXOgO C COOSaOG 




1398 


gCaguC0 0 cAGACAg 




1398 


GCaC3uC0 0 cagaCAG 




1412 


GKX3O0 0 0DCUGO6 




1413 


ACADS00 0 0CUG0SA 




1414 


CAlmuwu 0 CuGUGAA 




1415 


AUUAJUU C uGOSAAA 




1415 


AUUUUUU c OgugAaA 




1438 


9aaccG0 c cooicca 




1451 


CDGGCC0 C 0c0aCC0 




1453 


ggocac0 c ubccuog 





aCCuOGU u GCCUCCU 
GccuCc0 C UODCGcU 
cuCcUCD 0 UUGeOUA 
uCcUCUU 0 UGcOQAD 
CcUCUUU 0 GcUQAOG 
0000C>ca 0 AOGUUUa 
ODOScUU a UGuuuAa 
UUUGcOU A 0G0U0aa 
00AZXKJa 0 aaaAcAA 
AAAuauU 0 AOCQUc 
AcccAa0 0 CTCOUAA 
cAat3QG0 C UUAAuAA 
aODSOCU u AAuAAcG 
CgcugAU u UGGuGAC 
cGCUGAU 0 UGGUGAC 
9C0SAU0 u gGU^acC 
GCUGAX30 0 GGOGACC 
^JjaAcCU c OGcOCCC 
ugaaCC0 C UGCUCCC 
COCGSC0 C CCCAcGG 
tX;aCO50 A AUtiGcCC 
CtXSUAAU u GcCCOAC 
GAGAAAU A AAG&UcG 
nAAAGa0 c GCUOAaa 
0QAaaa0 a aaAAaCC 
AgGffaCU a gCXragGA 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



nZm Houa« BB Ribozyme . Seqaa&ee 

?osicioa 

25 OOCCGGC COGapaaG GC C SAA AC S COeSXA Asucoca 

$6 GG5SACC CDGADSA0GCCGAAAG3C0SAX AUKUOA 

101 GSSAOfi aXiAZXSAG3CC3AMG3Q0CSAA A0CSC3CC 

101 G3SAOG C t ySMXS aCSC C GAA AGSOC aA A a C^ JBATL, ' 
1C2 A CSG A C X rn»OS MSCCSAA ltfS SC a a A AACC05C 

102 AGSQACX CT S A aS M OCff S A AACSCaiA A AAOC U GC 
106 CXSAXAOG C tXaAU UJU^UCC UA AAGSOaSJVA iUCAGAAC 

110 OSAGOSX COGaPgaOSCCGAAAGSOOCSAA ACQSaCX 

111 GOSAGOS COBUXiaoSOQGMiWSSOOSUl MfiSGAC 
HI C CG^ fi W C WM W a GQ CO G AAA OSOOSMl AAGSCa^ 

112 AOTSac a C OSAPSAG g C C GAA M SCOGm AAATIX^GA. 
US GGCCXSa CTOADGAGSCCGAAAGSOOSAA AGGGAAA 
137 GgaGG GA GXjAOGAGSCCGAAAGQOQGAA AOSOGGC 
13S CIXiUACS CSgmacnrnrsa^affy^rqggy iySADGDG 
17^ OGOQSOS aXUUaAGGCa3 AA AC3COG3l\ ADGUOGC 
207 UODQSGG COGAOSAGSCCGAAAfiSCGSAA AGDGQCa 
228 AGUUCJ3 CCGADSAGGCCCaVAMGCCGAA AAGCCOC 
228 AGUUWS OXSAOGACOCCGAAACacaaU AAOCCCC 
236 CCGCCOS CCGACGAGGCCSAAAGSOCSAA ACCOCOG 
236 CCGCCDG COSAOSAGGCCGAAAGSQOCSAA ACQDCDG 
249 USAGACA COGMXiAGqcaBUAGOOOSU AGGO^CC 
249 UGAGACA <T*?^Tmrp?rTTS^^ AGQCACC 

261 AITSAGAA COSADSAGGCOGAAAOGCOGAA AGGCOGA 

261 ACGAGAA COtSATOAGGCCGAAA GS OO GA A AGGCOGA 

263 GAAIISAG COGADGACG Ca SAAAOCOOSAA AGAOGCO 

263 GAACGAG OXaOSACGCOGAAAGGOOQAA AGAOGOO 

264 GGAAIXSA COGADGAGGCCGAAAGGOCGAA AAGAOSC 
264 GGAADEjA CDGAOSAGGCOGAAAG5Q0GAA AAGAGOC 
266 CAGG A A P C 0 GADS A GGCX1G A AAGG00GAA> AGAAGAG 

269 AA O CAOG g "^"^^^^WO^ i ^AA < WrPSAA. ADGAGAA 

270 CAAGCAG CIXSAOSAGGQCGAAAGGOOGAA AADGAGA 
276 COSCCAC CTOAOGAGGCOSAAAGGOOGAA AGCAGGA 
297 GACAGAA COQAOSAGGCCGAAAaGCCXSAA AGCGDGG 

299 UAGACAG COGAOGAOGCOGAAAGGOGGAX AGAGOSa 

300 GOAG ACA CTOAOGAGGOOGAAAGGCOGAA AAGAOQG 
304 ODCAGOA CWArXSU SGg X G AAAGGOCGAA ACAGAAG 
306 AGCUCAG CCGAOGAGGCOGAAAGGCOGAA AGACAGA 

314 CACCCCG COSAOGAGGCCGAAAGSCQGAA ACOUCAG 

315 OCACCCC COG A PGAGGC O GA A ACGCCGAA AAGCOCA 
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315 OOCCCC COE3AIXSAG3QOGMAG3CCGAJI AAGOTCX 

324 GGSSUCC CUGADGAGSCCCSAAAGSCCSAA ADCXCCC 

324 CaOGACC COSADSAO(»XAAAGSCCGA^ ADCACCC 

347 ADOOSGS CUGXDGAOGCCGAAAGSCQSAX A CUUCUC 

364 CTOASGA COGAOGAGGCCSAAAOGCCQUl AOQGAGG 

366 AACOGAO COCSACGAOGCOGAAAGSCCGM AGAGSGA. 

366 AAOXSAU C0GADGA tjaaa» A A G SO C GA A 

369 OACAACa CCGAOGAOSCOeSAAAGSCOSAA AOGAOAG 

376 U0C3SOCX COSADGAGOOOgAAACGCCaAA AGAAC^ 

390 txaaaca cogazxsaggcogaaaggccgaa a cs sc oj 

396 AOSAOCtT Cl Xa A DaAgg CO S AA ACS CO G AA AGWUCaA 

401 AGAAGAt; CDGMJSAGGCgGAAAG SC aS A A ASCnSbS 

404 OOGAGAA aXSA0t«AGGCCGAAAC5CCSAA ADSACC7 

406 UOOOSAG CaSADSAGSCCGAAAGGCCSAA AGADGA0 

406 DDOCGAG CDGADGaG G CCG A AAGGCaSAA AGAOSAD 

407 AiAJUUGA ODGADGAGG CS S A A A GGOOGAA AAGAPGA 
409 GAADOOa C q G AUGaG a X J UAAAS3C0aA A AGAAGA0 
409 GAAXrooa CUgAOGAGGCCGAAACOCCSAA AGAAGAQ 
409 GAAUUUU C! C XaiX a GG Ca 3 A AJU3 GCCSA A AGAAGA0 
432 OSUUUM COGADGAGGCOSAAAfiOCOGAA AQCOCg 

444 GSroOQC Cq GA lJUA Gli a .t JA AA C S CCG AA AOGACSa 

301 OGGCCAG aX^AaSAOG CC G A A A GXOSAA AGSGCCa 

360 GACAAS3 COGAtXSAGGCCSAAAGSCCGAA ACAACCC 

360 GACAAGG aXStfCAGGCO SA AAGSCCGAA ACAACCC 

364 AGOMSAC COGADSAGSCCSAAAGSCOSAA ACSOACX 

367 GGSAGOA CCGACGAGGCCGAAAGGCOSAA AnVACCRT 
369 COOGGAG CaGADGMGCCGA AA OGCCGAA AGACAAG 
572 AACCDGG aXSOXSAGGCCSAAAGGCCSAA AGOAGAC 
372 AACCOGG OXaPGAGGCC G AAAGSCOGAA AGOAGAC 
372 AACCDGG COGAOSUSGCOGAAAGGCCGAA AGOAGAC 
579 OGAAGAG CD5AIX»GGCCGAAAG0C0GAA A0C05GG 
330 ODSAAGA C U i AUUA IiQC tV AAAGgOOGAA A AC CUGU 
380 OOGAAGA COGAOGMSGOaSAAAGSCCGAA AACCOSG 
532 OLUUUAA CDGAD S AGGOOgAAAOGOOSAA AGAAOCa 
382 CCUUGAA COGADGAOGCOGAAAGGCOGAA AGAAOCO 
534 OCCCQOG COGADGAGGCOGAAAGQCCGAA AGAGAAC 
585 GIKCCUU COSAOGAGGCCGAAAGGCCGAA AAGAGAA 
608 GAOCAOG C0GAD3AGGO CG A A A GGqcaA A AGOOGOG 
615 G GaWAG COSAPSACGC O G A AAGS O O G AA A T rgA gS U 
615 GGGWA G COGADGAOGCCGAAAGGCCGAA AGCAOGO 
618 OSCXSGGO C0 GAD3A CGC O S AAAGGCOGAA AGGAOCA 
630 AOaOGCU Cq»a3 ACGC C G AA A 0G C CGAA AC GGUGU 
630 AZXSGCa COSAOGAGGCCGAAAGGOCGAA AOSGOG U 
638 GAOAGCA COGAOGAGGCCGAAAGOOOQAA AOOSGCQ. 
643 UADGAGA CDQAOSAGGOCGAAAGGOQGAA AOCAAA0' 
645 GSOAOGA OXaOSAGGCCGAAAGGGCGAA ADMCAA 
647 COGCUAn COSAPGAG GC C G AAAGSOCGAA AGAGAGC 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



ac. Uouaa HH Ill2>03:yma . 5eqa«nco 

25 tJOCCGSC O XS A SXSMSSC C&M XSaCOQSik AGUCCCU 

101 Gss^c^G caaa Dsa tta cc sAAacscosuv A ccuurj 

101 GSGACUS OXSADQAGSCSSMAOSOOSAA ACOXXC 

102 ACSGACA CgStf3GaC5CCSAAAGSaOSAA AACC05C 
102 AOSGACA, COSMG a OSC O S AAA GG00G8Ul AAn'tJjt! 
106 OSMAOG CDaAU5ACCXX,X»A AAOgOOGAA ACXSAAC 

110 05AGCXSA COSaOCSUSGCQSAAAOQOOSAA AGGSACX 
HI GCX»GOS COg A O GA G UO J UA AAGQCaSUl AAGSCaC 

111 GOSSUSdS CIXSAO3AG3COGAAAQS00SAX AAflSGAC 

112 Afi O aACT ™g^"=^<^i^^>?;^AA /ffi? n i jA J l ViMQSA 
GCSCCAfiQ CDGAD3AG300GAAAGQOOGAA AGOSAAA 

137 GSAOSSA CTS A DSACGOCGAAAGgCCGAA AOraSGC 

139 CtXXSACG aXSADSAGSCOGAAAOGCOSAA AaACXTOG 

177 CGaO GO; CaSAOQ3U5GCCGAAAGX06AA ACCUDGC 

207 UUUjUU. COSAOSAGSOCGMAGSaSSAA AGOGQCCr 

228 MifJUOM COSAOa A GgOC G AAAOOCaaA AAOCCCC 

228 AOJUCIC CDSAO5AGSCCGAAAG0CCGAA AAGCCCC 

236 CCCCOK CCGACGAGSCCGAAAC3CQSAA AGGUCQG 

236 CCGCCUG OXMDSAGGCCGAAACSCCGAA AGOOCOG 

249 UGAOACA CCGACGAG9CCGAAA0SCCGSU AGSCACC 

249 GGAOACA CreAOSAGSCCG A AAOGOOGAA AGSCACC 

261 AXXSAOAA COQAXXSAOGCCCSUAOGCOGAA A CG C UGA 

261 AtXSACSAA COSAOjAGGCCGAAAGSQQGAA AGGC UCA 

263 GAAOSAG COGAOGAGSOOSUkAGGOaSAA ASVSOOT 

263 G A AOSAG COaAUUA GG CC G AAAC OOOSAX AGAOGCO 

264 G GA A PGA C q S A CTaCGeCS A AAGQOOGAA AAGAGGC 
264 Ga AO SA CUGAOCSIGGCSGAAAGGGCGAA AAGAGOC 
26e CAGGAAU COGADGAGGOOGAAAGGOOGAA AGAAGAC 

269 AAGCAGG CDSAO3AGG00GAAAGGCCGAA APBaGAA 

270 CAAGCAG C05AD5AGGOOGAAACGCOGAA AAPCSVGA 
276 C060CAC COSAOSAGGmniAAAGGCOSAA AGCAGQA 
297 GACAGAA COQADSAGGCCGAAAOGCOGAA AGCGOSG 

299 QAGACAG CO3A0GAOGCCGAAAGGC0GAA AGAGOGO 

300 GOAGACA CCGAPSAQGCCGAAAGGQOGAA AAGAflCP 
304 O OCAGa A CQgAIEXaCGCyTGA A A GGO O GA A ACAGAAG 
306 AGUUCAG CCGAOSAGGCCGAAAGGOOSAA AGACAGA 

314 CACCCCG C05AXX3AGGCCGAAAGGCQSAA AGOOCAG 

315 . tJCACCCC CDGAIX2ACCXXGAAAGGCCGAA AAGOOCA 
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315 O OC CCC CUGRDGAflGCCGAAAGTCCGAA AAGOOCX 

324 0G9GACC OTGAIXUGSCOSAAAGSCCSAA ADCACCC 

334 GOKACC OJGACXVUSGOCG^AAGSCCCAX ACCACCC 

347 ADUCCSS COSAOGAOGCCGAAAGXQGAX ACOQCOC 

364 CCGAOSil COGJtfXSAGGCCSAAAOGOQGM ACOGAGG 

366 AACOGAU CTS a PGaGGCCG^AAGGCaa^A AOAGGS;^ 

366 XA COS an CtXS A DG A OGCOSAAAfiSCOCgA 

369 OAGAACa COCXXS^aSCOSSMOXZIS^^ ACGACAG 

376 UQGKCA C0G;y9GMSX«5UUUSSCCSAA AffiUCK 

390 roUiUS O C O BADG A fity Xt i M U USSCCG AA A CSG C aj 

396 AmAIX J J COGAPSAOQCOSAAACSCCSAA AGCGCGA 

401 C O S A XXaySGCSSAAAOSCOGfA AUCUUAG 

404 UOGAGAJl CT S a OC a CS C CSAAACSCCSAA ADGAU C U 

406 UUUUGAG COGADSAOGCOGAAAGXCSAX AGADG3UT 

406 UODOGAG COGAOGBySGOCCSAAAOGCOGM AGAOSAU 

407 AUUUUUA OSGADGAOGCCSAAAOSCOGAA AAGAOGA 
409 GAAZTOCa CDGJUXSU^QCOGAAAGGCOSAX AGAAGAQ 
409 GMDDOa C a GAD3AGGCCGA A AG5 Ca jAA AGAAGAO 
409 <SAAO00U CDGAOGAGGOOtSAAAOCSCgjAil AGAAGAD 
432 CQA aQU C OA*iiDS AO ti CCS A AAfiGI00UA A. ACAGOCd 



444 GSOCDSC CUGADGAGSCCGAAAGSCCCSAA AOSACSO 

501 O SGOCA C COGAOSAGGCOSAAAGOCCGAA AGSSCG9 

360 6ACAAG5 COeSADGAGSCCgAAACSOOGAA ACAACCC 

560 GACAAOG CDGADGAGSCOGAAAOGOCGAA ACAACCC 

364 AGOAGAC COSADGAGSCCSAAAGSCCGAA AGSOACA 

567 GGSAGOA aTSAZXjAGSOOGAAAGGCCGAA ACAAGG^X 

569 COQGGAC COGAOSAGGCaaAAQSCCGAA AGACAAG 

572 AA OCW G OXADSAGGCOSAAAGSCCSAA AGOAGAC 

572 A A CCU;^ COGAOS A GQCCgAAACGCCGAA AGOAGAC 

372 AAC CU U; CCTSAOGAQGCCGAAAGGCCGAA AGOAGAC 

579 XTSAAGAG COGADSAOGOXSUkAOQOCGAA ACCOGCS 

330 UGQAAGA C0GAD3AGGCCGAAAGGC0GAA. AACC0G3 

560 OOSAAG A CroADSACS C CG A A A GGC C SAA MOCOGG 

532 CUJimAA CDGADS A G GCCGA AAflf SO O G AA AGAACCO 

582 CXaJlWAX COGADSAGOCCGAAAGGCCGAA AGAAOCU 

534 OSCCOro COSAPSAG GC C G AAAOQCCGAA AOGAAC 

385 OTCCUJU COSADSAGGCCSAAAGSCCGA^ AAGAGAA 

608 GAGCACG OXIAOSAGSaCGAAAOGCCSAA AGOOGGG 

615 GCSmA G COG A aSAGGCOGAAMSCOGAA AGCAOGU 

615 GSGIX3AG COGADGAGGOC GA AAGGOOGAA. AGCAOCSa 

618 OSDOGGa CUGAOGAGGCCGAAAGGCOGAA AG3AGCA. 

630 AOQOGCU COGACGAGGCCGAAAGQCOGAA ACSGOGO 

630 ADCOGCU OXSAOGAGCMXAAAGGCCGAA A OGOJW 

638 GAQAOCA CDSADGAGQOOQAAAGGCOGAA ADOGGC U. 

643 OAOGAGX COSADSAGGCOGAAAGGCOSAA AGCAAA0 

645 GGOADGA COSAOGAGGCCGAAAGGCCGAA AOAGCAA 

647 CtXUUAO COGADGAGGCCGAAAGGCCGA/l AGAtlAGC 
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663 Ct3GADSAGgCCGA^ACGCqaAA a CUULOJ 

669 CASAGAC <' T» B^ m A mrro AA ^ A flau sx 

669 CAGAGAC cos tf xatf xggiA AAGGCccyui Aaxa:;^ 

672 COSaCA. OXSMXSWKSOasaAAGGCOCaA ACCSACOT 

674 GAOGOCA aX3MCXatf3 GC C G AAAGGOa5AA AGACOAG 

681 U^ ^UXIU COGADGAGSXGAAACSCOSAA AC3SCAG 

681 UU LULUU COGADGAGCSOOGAAAflSaOCSAA AC53CAG 

681 MOXW CDSADSAGSCTGAAAOGCCSAA ACS3CAG 

734 qsagycA cogadgagsoogaaagsoosaa aocagsg 

734 GSSCOCA COGADSAOOOCGAAAGSQOGAA ACCACS3 

'^^^ OaVQGOX COGAOSACaGQCGXAAOGCCSA^ ATOjtjL ' J 

746 O CCC AOG CDC » a3AGg yT1fa UUMS S CCSgUl ACSUCGS5 

''^^ GOXSQAA cPGaasysooasAAA GG c asA A Accccrc 

759 gOTGAA CDSAOSAGeXOSAAAGCXrSAA ACCCCCC 

761 CACCOSS CDSADGACOCOGAAAaXXGAA. AGACSCC 

762 ocAocro cnraty a fl Qm3A AAflg c c G AA> aaaccc 

786 CAOOGCU C03 A m A Ga X G AAaO G Ca aUl AG0CGS9 

'^98 GCAgAP g Ca5 A X3SAOGOOSAAAQSOa5AA> ACCDCAG 

802 DOSQOCX C0GADGAG0CCSAAAGSO0SAA> ADDGACC 
CDCOAAG C O SAa3AGQCaSUAC50aSAA ACDCGS3 

816 cftAAcoc CTSAnaocscasAAAOocaaui aagoacj 

821 C TXUiCA COSADQAOQCOSAAAfiQCCXSAA A GUXA A. 

822 ACOCOGC C0S A DGAGQ00GAAAG5CCC5UI AA OJCUA , 
WO C0SCC05 COGAtXaCGCOGAAACaOOGAA ACOCCCC 

CAAA GOA axaaSAGOqOGAAAOGCaaU ACCOGCC 

842 TCCAAAG COSAOGAaSOOGAAAOGCCSAJl AGACCCG 

842 CCCAAAC OXMGAfiOOOCSUUfcCQOOGAA. AGACCCG 

8^ OCaAAO aXSADGAGGCOSkAAOGCOGAA AGACCCG 

845 GACUOa COSAOBAOGCOGAAAOGCOGAA AGUAGAC 
UGACDCC COGATOAGGCCGAAAGGCCGAA AACmfiA. 

852 GACCAA0 CTOADSAOGOOGAAAOGCCGAA ACUCCAA 

855 ACAGA GC aXMGAOGCOGAAACGOOSAA ADGACCC 

887 (XXXM k COGADG A flGC O GJVAAOGODGAA. AADCGAU 

891 GSCOSGS aWADGAOGOOSAAJySGCOGAA AGAGAAff 

905 GQGOTCA COSAOSAGGCOGAAAGQCCGAA AG^JGSGG 

905 G GOroC A aXSADSAGGCaaVAAGGOCGAX AGOGGGG 

905 GGGGOCA CTOADGAOGCOGAAAGSOOGAA AGOGGGG 
CAGAGQA COSAOSAOGQOGAAAGOCOGAX AGGGGCT 

915 OCAGAG O OXaDSAGGCOGAAAGGCCGAA AAOGGGa 
GG5G0CA COGADSAGGCCGAAAGGCCGAA AGDAAAG 

528 GACAAXIA OWAPSAGGCCGAAAGGOOGAA AG3GGCC 

528 GACAAQA COGAOGAGOCQSAAAGOOCGAA. AOGGGOC 

932 AGOAGA C COB A aSAGGCOCAAAGGCOGAA> AOAAAGG 
COCOSAG CaSAD 5 A G G CO SA A A G0 COGAA> AGOAGAC 

943 GGGCDCU CTOADGAOGCCGAAACGCCGAX AGGAGOBV 

972 CXAJUU CU ax»roA0GCCGAAAC3CCGAA AGOTAG^ 

572 CCDDtTCa CCTSMGAOGOCGAAAGGCOGAA. AGOOAGA. 

984 GAOCCA0 COSADGACGCOGAAAGGCCGAA 
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984 GACCCAD OJGAIXAOGCCGAAACXCGAA ADCOXa 

985 UGAOCA COGAOSAGGCCGAAAOGCCSAA AAOCCCC 
997 ACSVCOro COSAOSAOGCCGAAAOQCaSAX ACQCCGA 
1010 AAfiaiC D COGMDGAOCSCaSAAAOQCOGAA AGCACAG 

1017 WXaJlWA COGAOSMGOCOUUUSXCCAX ACCOCDG 

1018 UObUJU; CTSaiXaOCCOSUU^CSCCGAA AAGCOCO 

1019 AUJUUUU COGADGAOOCasaugyooCQGAil AAAGCUC 
1073 OCCADBl OTSAOSAOGCOQMMSCOGM AGSCCCX 

1096 cccM oa C Dtaps A QcnnQ A Ai ua eccggai Acoccca 

1106 A DixiaA CT raaaaGOcoGWusscocsu. ^caxAn 

1107 COSm^AOOCCCAAAOtXaSUl AAGCCCA 

1108 GAAODCS rtrsam ai^^yT r^'^ ^j^^yy^^ AAAGCCC 
1115 C TO >aCP CXAOSAGGCOGAAAOGOCSUl AAUDCSS 

1133 AfiSMOs CT S Aa aG g cn aA AQ s cosA acadgog 

1164 GCMOCCJ OXaPSMOCCSAAACSOOGAX ACCUCOC 

1180 CCMDOCC C I XaixaGrs CT JGXAJ U SgcOGAA iUSAOGA 

U03 AAGSOCa CaSAOSMOOCGAAAOOCOSAA AAOCDU 

1210 MOTOG cosAixaGgoosAAAQgoaam y gy y ^ ^ 

1211 AM Goy s ax a as a Go ccQu u ^ ogcoGMi AAcgccq 

1214 CTSMOS CTX a gaQOC n aAAOQOOGgA AOSAAOG 

1218 A aiucu^r casMxaoocaaAAGoosAA acctogs 

1218 A uUk^uu aXACXaAGQGOGAAAGSOCGAA AGSCAfiG 

1218 AOSKTO CDSMOGAGOOOSMAGSOaSUl AGOQAGG 
U18 A GgdJtt axaDSWaOCQGAAAOMCCaX AGGDAGG 

1219 AA flJUCU axareaOOOCSAAAGOCaSAA AAGGOAG 
1219 AAGQXr a COSACGAOGCaSAAAGGCCGAA AAGGQAG 
1226 GOaXS GA COGAaaAGGC O gAAAGOOaSAA AGGOCCG 

1226 < *UCUaA CQSAOSAGGCOSAAAGaOOGAA AGGCCCG 
1^*^ AtoOL v w C O SA D a a G BOO BAA A GGOOSaA AAGGOCU 

1227 AOTCTOO C0SA«a00C0SAAAG0C0GAA AAGGOCU 

1228 GAgXr oS CraDSWOCCGAAAOGOOGAA AAAGCCX: 
1238 CCOCA GG COSMJGAGOCaiAAAGOOOGAA AAGAGQC 
1262 CDmSAG a x a a3AGGOnfaV A Afl GO OC5AA AAGGC06 
U83 AQAAAXJA CCGA0GAGQOC6AAAOGCGGAA AGGGGGG 
1283 ADAAAZA CDGADaOGCaSAAAGGOOGAA AGGGGGG 
1285 AZSUAAA aX»DSAOG00GAAAG00ajAA. AGAGGGG 
1287 AAADAO A COSADSAGGOOGAAAOGOCGAA ADAGAGG 

1287 AAAQADA axaOSAGGOOSAAAGGCOSAX AOAGAGG 

1288 CAAADA0 aXSADGAGQCOGAAAGGOOGAX AAXXAGAG 

1289 G CAAADA O X a n UA ii UJ t t jlA AAG a cC G AX AAAOAGA 
1293 A AOA j CA COGADGAGGOOGAAAGGOQgAA ADAtlAAA 

1293 AAOX^CA COGAOGAGGCaSAAAGGCGGAA ACADAAA 

1294 QAACOSC m^ a m i ryy rT g^i^^tf jgyYtj^ AMnnAA. 
1300 AAADAAD COSAIXaGGCCSAAAGOCOGAA AGOGCAA 

1303 AADAAAff C a G A PGAGGOOG A AAOG CQ gAA AOAAGOG 

1304 OAADAAA COSAXXaOGCOGAAACGCOSAA AAOAAGQ 

1306 AAGAADA OXSADCAGGCOGAAAOOCOGAA ADMnAA 

1307 AAAXJAAn COSADSAOOOCGAAAGOOOGAA AAflAAOA 
1307 AAADAAD C O GADSAGGCCGAAAGGCOGAA AAOAAXIA 
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1308 CAAAQAA C:DGatf»U»XGaUUU5 GC CG A A AAADAAU 

1310 COGStfJGAfiCjCCG^AitfSCOgiUV AQAAAQA 

1310 AAOMAS CPG M 3aMSS C 0G AAA CSCCGU AOMAXA 

1310 AADMAa CTBtfX a tfKttOa A A M XC^ AXAAAQOV 
13U AAAOXAA C D SaPGAGSCOGAAAO S CCG A A AAQAAAU 
1211 AAAOAAA CKAOSAGGCCGAAiUSSCCS^ AAZAAAa 

1311 AAKAAll COCaUXaUSGCGGAAAOGOCSVA 

1313 MAAMA oisaM P sa fiGcna a aafiscaa^ aqaadm 

1313 AOMAZSl CCXaasys O CC G AAAGSgOC a A ACBVASAA 

1313 AXAAMX CCXSUXS^tfSGCCGAAAGaCOG^a JOSUUCSVA 

1314 AAOMAn CD SADGA flGCCSA A a CSC a SAA 

1315 asuxsum CDsaasaGGOgaaACscasa aamdmu 

1317 AAOMSA QXSMXaMGOaSAAAGSCCGAA AOAAACX 

1318 AJUOAW COGAOaAQSCaaAaffiXGAA AAQSUAU 
1313 UMAOAA Ca3MX3A GGC C GA A A C S C CGA A AAAXZXAA 
1325 AAAXAAA aXMCaCg CC G A A ACGCOQA A 

1328 GCMMA COGSUXSftOOCQQMMSOQOUl WMUUOX 

1325 JySCMA0 COGStfXaGGCCGAAAG G OC ffl Ul MCBUAn 

1330 AACCAAA COSAOSAOGCCGMAGSCOSM AAAtOUA 

1332 ACAAGd COGACGAGGCC»AMQCCGAX AQDUUUA 

1333 CAOAAGC COIAUSAGCSCa^AAAGSCC^ AAXSUUUD 

1337 CSmWJ COSAOTtfXSCOSaA MaCMA A 

1338 A«DDCX COGAlDSAGCSCQGAAAaacasa AAOCXAX 
1346 AAAOMA CreAOSJUSGQCGAAAGSCOGAA ACATOCA. 

1348 COUADX CDGAOGAGGCOGSUUUStSQCSSUl iUOACADO 

1349 OCnAAU CUGADSAGSCCGAAAGSCCfiAA AADACAD 
U30 OCICCMA CaSAZ»tf5GCCGMAGacaSAA AAADACX 
1352 CLUUCCA, COGAOGAOGCCGAAAGGCOGAA AQAAAOA 
13S2 CCOdCCA CO5A0GAG3CCGAAAGSCCSAA AOMACDl 
1333 GCCUIAX: OXjAOGAGSCOGJVAAGSCOCSUI iUUBUUOT 
1369 CCKCAG CDSAtX»GGCCQAAAGSOOGAA AOCGCC 
1398 CUUUCUa CaGMXayOS C CGAAAGSCOfflUl ASAOOC 
1398 COGOCOG CPSASGAGSCOSAAAGSCCGAA AGAOUSC 
1412 OCAGAA OXSAIXaOGCXGWUUSSCCGAA ACADGOC 
14U CCAOGA aXSAOSAGSCCGAAACSCCQAA AACAXX^U 

1414 UOCACAG CO SADS A QCSrrnA A AfiSOaSAil AAACAXX5 

1415 UUIXIA CA C OGA PBAGSOCSAA A G S CggAX AAAACA0 
1415 C DOCAC A COGADSAGSCGGAAAGGCOSAA AAAACAU 
1438 AGSOQ33 CaS A O5A CS CC SA AAG 0C 0SAA. ACAGCDC 
1451 ACTAGA COGADGAGGCCSAAAGSCCGAA AOGCCAG 
1453 CAAGGGA C O GAOS AGGOCGA AA G G C O a AA. va flgT r 
1^55 A ACAAGG COGADGAGGCCGAAAOGCOGAil AGAGAOG 
1462 AMAGGC aXSAOSAGGCCGAAACGCCGAX ACAAOGD 
1470 AGCA A A A COGAPaAOGCCG A A A OSOCGAA AOGAGGC 
14*73 O A AGCAA OXSAOGAGGCCGAAAGGOOGAA AGAOGAG. 

1473 AUAAGCA CDGADSAGGCCGAAAGGCCGAA AAGAGGA 

1474 CAOAAGC COGAOSAGGCOGAAAGGCCGAA AAAGAOG 
1473 CMACAD CCGAPgACGCCGAAACGCCGAA AGCAAAA 
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X479 traVAAOl CQSAZXjAGSCCGAAAGSCCG^A aagcaaa 

1484 OtXiU llUO a iS A0 E » GSCP » A A C5COgUl AACXUXA 

1498 GOGAGW COGADQAOGCQGAAAOOCOSAA AAOASUa 

15U UOMGAC OXSmSAOGCCGAAAGSCOGAA AOQGOSa 

1514 OCADOAA aXSADSAOOCQSAAAOGOOGAA AGUUDOG 

1515 vAmuATO fn^rraiMnr ; v ; AMflfflTXSAA, AGACM0 
1529 OTCaCC A C 0 S MX5AGa :T TiAAJ tf SOC a BUl ft WJtf JL TJ 

1529 GOCXCCX CXSADGAGGCCGAAAOQOQSUl ADCMCO 

1530 (iCTC A C C Ca«ASGAOGCaSUAC5CCSAA MOOWSC 
1530 CroCAC C CDSAOSAGGCOGAAAOGOOSAA hMCNST 
1563 CSSMC X C eX SAPSS a GC CT tSA A AG S OCaaA ACSGUOl 
1563 G OSAGCX COESMSAGSCCXSaAAGSCOGBUl AGGODOl 
1563 CO SroU f CCGAP5aGGCCG;VAACSCgGAA. AGGU3AG 
1589 G33CXAD CXXS^OS^GXCGXfi^^^ AOGOCA 
1592 GOAOGSC COGADGAOOCCGAAASgOQGSUl AOCaCAC 
16X7 Ct aWL W ClIja kU^A t a 'i< X 1 U AAft g S00SaUl AOOOCDC 
1623 OOOAAG C CTaOaAai^XIQ U UU SOOOglUl ADCtJDCDl 

1633 i-uuuuuu a>aosftflGcaa * Moco ca ui aodgcm 
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Table 29: HumaTi ber^abl HH Target Sequence 



PCT/IB9SA>01S6 



Sequence 
XD No. 



EB Target Sequence 



20 
21 
22 



MGMQOX cue P C OS X XJ gjk 



23 
24 
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Table 30: Human bcr^bl HH Ribozyme Sequences 



«coDorocaj coswaaooccsaAAOsccaAA adqgaogqoca 

^eXJfSGCCGCm C05ADSMSCCSMAG3CCSAA ACGGCSOCUOC 
n A i:»k»LLWJ aXS»SAG3CCSMAG3CCaAA AJUSSGOTCOa 

^'f^^^xxsccacxj craroacsGocaAAGGcaaA aagsskddddg 



S«q:ueaea 
ZD Ko. 



BB Hibozyaui Sequttoce 
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Table 31: RSV (IB) HH Target Sequence 
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at. 
Position 



BB Targ«t s«qu«aeo 



at. 
Position 



10 


OGCMM A AADCAAU 


276 


14 


AAOAAAU C AAZroCAG 


283 


18 




295 


19 


ADCMTO C AGQCUC 


303 


54 


A AQACACC 


304 


57 


OSVOAAU K CACCACA 


305 


77 


QCAZSGAD C ACAGACA 


309 


94 


AfiACCSa a GOCACUU 


317 


97 


CQGUU5U C ACOOSAO 


319 


lOX 


LUCAO? a GAGAOCA 


320 


UO 


AGACCAO A AOAACAn 


323 


U3 


CCAnAAI7 A ACADCAC 


327 


118 


AQAAOn C ACOAAOC 


337 


122 


CAOCAO; A ACCAGAC 


338 


134 


GA5ACA0 C AOAACAC 


340 


137 


ACASCA7 A ACACACA 


341 


148 


CACAAAH a aAOAOAC 


350 


149 


ACAAADU a AOAOACa 


356 


150 


CAAADTO A OAnACOU 


357 


152 


AAOOUAa A UACDOSA 


363 


154 


cic'nAnAz; a coosAnA 


372 


157 


AUAOAa; a gaoaaau 


375 


161 


ACUOao A AADGUXS 


380 


165 


GAOAAAn C ADGAADG 


383 


176 


AAOSCAU A GCGAGAA 


385 


lee 


QAAAACa a GAOSAAA 


391 


208 


OOC31CA0 a QACADOC 


396 


209 


CCACATO a ACAOOOC 


398 


210 


CACADDD A CAUDUUU 


402 


214 


COQACSttr U OOOSJOC 


406 


215 


^3CACADU C COSGOCA 


410 


221 


aCCUWU C AACCMG 


411 


226 


00CAACC7 A OSAAAnS 


412 


239 


OSAAACa A mAOCA 


421 


241 


AAACOAn a ACACAAA 


423 


242 


AACQADU A CACAAAfi 


424 


251 


ACAAACa A OGSAAOCA 


432 


261 


AAGCACa A AAQAOAA 


434 


265 


ACUAAAU A OAAAAAA 


446 


267 


OAAAOAU A AAAAADA 


448 


274 


AAAAAA0 A OACOGAA 


454 



KH Target Sequeac« 

AAAADAU A COGAAOA 
ACCGAAU A CAACACA 
ACAAAAU A CCGCAOJ 
tSUsjCACtJ a OCCCUAD 
GGCACUU Cr C COUACG 
g^ACDOT C CCUAOGC 
OTUCLW A OCCCAAU 
CGCCAAD A DDCACCA 
^^^AAQAn a CACCAAU 
CAAnADD C ADCAAOC 
^'CCAD C AA0CAO5 
Ca XXAAD C ADGAOISG 
GADmjU 0 CODAGAA 
ACGGGUD C OUAGAAU 
^*GGOCCa 0 AGAACGC 
C5SOCCO0 A GAAOGCA 
AAOSCA0 0 GSCAOUA 
(JUUiJAa 0 AA CCL ' JA 
CGGCAU0 A AG0CC3AC 
aAAGCC0 A CAAAGCA 
AAAGCACr A CDCCCA0 
GCAaAC0 C CCAnAA0 
CXXOIAU A AOADACA 
^CAQOVAU A QACAAG0 
AQAAOA0 A CAAGQA0 
^33CAAG0 A OSADCCC 
^XJfOSMJ C OCAA0CC 
AX3GADC0 C AAOCCA0 
tJCDCAAU C CADAAAU 
AAODCAa A AADUDCA 
CAGAAAH 0 OCAACAC 
AOIAAAD0 0 OUCACA 
OAAAO00 C AACACAA 
ACACAAU A OtJCACAC 
ACAACZAU 0 CACACAA 
^^AtZABU C ACACAA0 
ACACAAU C UAAAACA 
ACAADC0 A AAACAAC 
AACAAC0 C OAOGCAU 
CAACCC0 A OGCAUAA 
QACGCA0 A ACQAOAC 
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456 CAXZMOJ A XB^OJCCX 

460 OAACQAD A CTCCA DA 

453 COAQACa C CAZnGOC 

467 ACOXAD A GOCCAGA 

470 OOUQAGQ C CVGADCTj 

489 CGAAAA0 0 AnAGOAA 

490 GAAAAOD A aASQAAD 
492 AAAODAD A OOAADOO 
495 UDADAGU A AOOOAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



nt . 



BB Blbozym* Scqm 



10 
14 



AOOB APO C O SMga O SCaaAAGOCOGAA, ADUU U X 
OXWXSMOCXGAAAGSCCGAA ACDCAUU 

18 UUUJCW axa«»GCXXX»AAGGCOGAA ADCGAOU 

13 ^SmW. U CaSADGAOCCCGAAAGSCOSAX AADOGAO 

54 i^^JX^UAD CDGADGAGOOOCSAAACSOCSAA ACCADOO 

37 O^UiMWij COSAtXa Aa j CO S A A A GSOOGAA ADOADCA 

77 XMSJOa aXSAOSAOOOOGAAAaoaSSUl ADCADCA 

94 AAGOSAC aXSAD5AOGmSAAAGC«33AA ACGGDCU 

97 COCAACg OTADSAOQCCGAAAOGOaaA ACAACGG 

101 r xxMx x: axao GA CGa xBuu uaax G AA agogacx 

110 ADCO OAD COGaDSAGSOCGAAAOGOOSAA ADSSOCU 

113 GOBWg g COSADSaOGOOGAAAGXaSUl ADOADGG 

U8 QrooMa OTSAixaoooccBUuyscscas^ ACGonA0 

122 COGAOSAOOCaSAAAOGCaSAA AGOGAQQ 

134 ^iU^UUM? OXSArXSAOGOOGAAAGSCCXaa ADGOCDC 

137 aSOSroa COSAaSAOOCOCaVAAOGCCGAA ADSADGCJ 

148 GOADAnA CTOAOiAGCXCGAAAGQCXGAA AOUTOOG 

149 AGOAnAD ClXan:aGGCa3AAAGGCCGAA AADOTGU 

150 AACaACA CraUXSAGtMCGAAAGSCOagi AAADOTG 
152 OCAAGOA CnAnSAGGCOGAAAGSCaSAA AIIAAADD 
154 OACCAAG CUGATOACGCCGAAAGGCCGAA AEJUAAA 
157 AOTT3A0C aWAOSAOOCCXSaUUUSOC^ ACaACWJ 

C^TOATO CTSADSACGCaSAAAGCCaSAA ATCAAGU 

163 QPOC^ P COaATOAOCCOGAAAGGCOGAA ADDUAOC 

17fi UWOCAC Ca3AO3AG0COSAAA0SO0SAA AD3CAOT 

^'^'^'c^ cwaroAoocooauuusGcaa^ agdotcc 

COSAaSAOOCCGAAAOGCCGAA ADGOGGC 

GSAAZX^a ctxaasAoccocAAAoococaul aadgogg 

210 AOSAATO CaSAOMGCOGAAAOaCOSWl MAX3GDG 

214 GACCAGG OXSAIXaCGCCGAAAOWOSAA ADGOAAA 

215 OSACCAG COSAOSAOGCOGAAAGSOOSAA AACGOAA 
221 C ADAGOP COSA0aAOK»GAAAOXOGAA. ACC^GGA 

226 aamc k cosaixsaggccgaaaggccxsui agotgac 

239 ^«i*^AA CaCMXMGCCGAAAOSCaSAA ACDOOCX 

Itl CWWX3SU»CaSAjUU3GCCGAA AUAGOro 

242 COOreCG CaSAOaAGGCOGAAAOQCOGAA AAtZAGOD 

251 OCCDDCC CaSAD5AOGCaaUU«3Ca2AA Acuouca 

261 TOaro aXSAXXSAOGCaaAAOOCCGAA AGoscro 

265 w uwuuua CTOAIXSAOCXaSAAAOGOCGAA ADDUAGD 

267 OADOOTO axSAlX»CG<XGAAAOQCCGAA AXnOTOl* 

274 ODCAGOX COSAXXSAGQCCGAAAOOCCGAA ADTOOUU 

276 UAOOCAG CUBAW5A0GCOGAAAGGC0GAA ADADUW 



176 
188 
208 
209 
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283 mXXms COGADGaCGCaSAAAOGCCGAX AODOCO 

255 ACasCCA CCmDSAGXOGAAAOSCCGAA ADOTDW 

303 CDGAOMcrCGAAACGCCGAA ASO UXA 

304 CaracOG aSSAaSAGGCOSAAXGGCOGAX AAGDGCC 

305 GCMIAGG COGADSAGOCCCaAiUSXCGAA AAAGDGC 
309 ADlXaCA CTGAOSMCXaoUUtf ^ ^ AGCSUU 
317 TOOCSU aXMGWOCOGauU^CaxaSAA MDOOCX 

319 AOOSAOS aX;AOSACCXX33AAMS3CCGAA AnAOTW 

320 »DOSAa CaSaoaAGCXXGAMCGCCCAA AAOXDCC 
323 CAOSMU aX»D5aGGCaaAAC5CCSaA ADsunx 
327 CCaoC AD C O GAD B USG CaB WUtfaXOfflUi AOOSMG 

337 OTOM C CDQADtSMQQGSUkMQCOSAX ACCCAOC 

338 AD oeaxx axaixaa»aauuu3ccoGaA aacccoj 

340 GCADQCa COGADGAGGOCSUUOSOCSAA AGXAOOC 

3tt tX3CAZ70C Cm^DSAOSOCSAAAGSCOSAA AAOMCC 

350 OXAOSQC CO S a tXa V GOCa a A MG OOGAA. A03CADD 

356 QA GCiCUU aXSAOSAOGOOSAAAOGOGGAX AOGQCAX 

357 gMOCO CDSADSAGQCOSAAAQGCaSAA AAD3CCA 
363 Q^gWw COSAC ra flQCCnAAAQS COG AA AQ QOAI A 
3*^ AXX90SA0 aXSA0GM3OQQSAAAO3O0GAA AOSCUW 
375 ADOADSG Car a rT a mcCT a AAS3C 0 S A A> AGOAOQC 
380 Q™A0 ar.Ara M SCa » AAOTC OT ^ AOSQCaiG 



— ■ ■ ■ ■^■-^■»»%. w tfw^ iUJWkaHO 

383 Ac uugiUA COaAOaOtJOOGMAGGCOGaA ADOAiaGG 

385 ADACOOS aXSAOSAOOOOaAAAOOOaSAX ADADOAD 

391 GAGADCA OX^OSaOOCCGAAAOOCCGAA ACDOGOA 

396 GGADOSA aXSAOSAOOCOaUUyKXrQAX ADOUOAC 

398 ADSGADQ COSAnSAGGOOGAAAOOOOSAA ACADaUl 

402 ADDOAOS aXSAOSAOCrCGAAAOGCCGAA AODGAGA 

406 OBAAADa CDGATOAOCCCGAAAOCCCGWl ADCGATO 

410 <s^\j^ CD5A03AGGCOQUUUSCCGAX ADTOADC 

^~ ^^"^^^ COSAOSAOOOOGAAAOQCOGAX AAOQDAU 

^ CTSWKAOMOGAAAOQCOSAA AAADQOA 
^'"'^^wA a x a P UAUAX. X aA A AO0 COGAA AXTOOCa 

^3 wwwi COSAXXaOQOaaUUlOOCCGAA AOAOOGa 

^4 ADOAIw aXSAOSAGOOOQAAAOOCCXMU^ AAOAODG 

432 ^W^^ CWAXXaOOOOGAAAOOOaSU^ ADOGW 
OTWDOa rreA PBA O OCnQA A AflSCOSAA. AflAOOGV 

446 ADKMtA COSAXXSAGOOOGAAAOSCaaui AGCDGOT 

448 OTAOSCA COGACCAOGOCGAAAGKCGAA AGACODG 

454 GOAnACa aXSAXXSAOGCCGAAAGGOOGAA. A03CACA 

458 OSSACUA CPSAOSAOGOaSAAAOQOOGAX AGQQAOO 

460 OADSGAC aK » n a OSC0g UkA flG C0G AA AZnCDCX 

463 gACOAa S aXSAOGKOGOOGAAAOGQCGAA AGQAOAG 

467 OCOGGAC CIXSAO5MX9CCGAAAO0CCGSU ADOGACa 

470 OCAtCtXS aX»OSAGG00GAAAOGC0GAA AOMQG 

489 DUACOAU COGAD&AUjU TAAAAOGCOGAA AODOOCX 

490 ADCACOA aXSAOBaOGOOGAAACGCOaUl AADO^ 
492 AAAIJDAC COGWXaOOCCCAAAOGCCGAA AnAADOT 
495 OOOAAAa OKArXMGCCGAAAGGCCGAA ACOAOAA 
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Table 33 : RSV(1C)HH target Sequence 



at* 
Positioa 

10 
1$ 
17 
21 
25 

31 

32 

36 

37 

38. 

42 

46 

50 

51 

67 

58 

71 

76 

81 

87 

88 

92 

93 
100 
101 
104 
105 
UO 
125 
128 
129 
135 
143 
145 
151 
155 
156 
159 
163 
164 



Target Sequuee 

GAAQVAU a OGAtSUUS 

AAflAAp g a (aoAAca 

AUUUUAD X ASCACCX 
<SAQDU\GU A CCACUCA 
QACCACn TJ AAACOGX 
ACCACOa A AADCOAA 
CUQAAAU 0 UAACOCC 
OQAAATO a AACOCOC 
GAAATOa A ACDOOCa 

ODCDiAcu c Qcrassa 

ACDCOCU a (lUUUAGA 
CCDOGGO U ASAGA06 

catJGoaa a gagadss 
CACCAA0 u cavnoGAG 

AGCAAnU C ACDGACa 
AADmm 0 GAGOAZXS 
AUDGAGU A tXSAOAAA 
G^2AZX2AU A AAACOGEA 
UAAAAGCJ a ACADOAC 
MMCXJQ A CADUACA 
GOUAGAU U ACAAAAC7 
nOAOAna A CAAAAOtr 
ACAAAAU a OGOOOGA 
CAAAADCr a GUODSAC 
AAUUUUU U DGACAAO 
ADDDCOU a GACAADG 

azx;aag7 a g cauuuj 

GOAGCStf; 0 GOOAAAA 
GCAUUUU a AAAAAnA 
CADOSOU A AAAADAA 
QAAAAAU A ACADSCa 
ACAZ79CU A tACDGAD 
AOSCOAD A CCGAOAA 
OAOXSAD A AAOOAAU 
GADAAAn a AAQACAU 
AOAAAOU A AQACADU 
AAOOAAU A CAUOOAA 
AAOACAD 0 OAACOAA 
KJkCKSQ U AACOAAC 



Poflltiea 

165 
169 
175 
176 

181 

192 

196 

201 

206 

216 

221 

222 

231 

232 

234 

235 

241 

247 

249 

250 

256 

259 

262 

265 

267 

270 

273 

278 

283 

284 

285 

300 

303 

316 

317 

319 

321 

338 

339 

346 



Target S«gu«ac« 



OACAOOU A 
OOOAACO A 
aAA05C7 a 
AACSCOO O 
UOCQSCO A 
CAGOSAO A 
GAOACAO A 
AOACAAKr C 
ACCAAAH 0 
ADOGCA0 O 
AOOGCGO U 
UUjU«UU O 
OGCACGO 0 
GCAX35UO A 
ACGOOA0 O 
CGOQAOO A 
OACAAGa A 
OAGOGAO A 
GTOAOAO O 
OGAtlAOU a 
OCGCCCU A 
CCCOAAU A 
OAADAAU A 
OAAOAAO A 
AOAAOAU 0 
ADADOCO A 
ClUUUACa A 
GQAAAAD C 
AOCCAAU O 
CCCAAOa O 
CCAAOOa c 
CGCCAGO A 
CAGOACa A 
OGGAGGQ 0 
GSAGGUU A 
AGGUUAD A 
GOQAOAO A 
AOOGAAa O 
USGAAOU A 
AACACAU U 



ACOAACG 
ACGCJOO 
OGGCUAA 
GGCOAAG 
AGGCAGU 
CAOACAA 
CAAOCAA 
AAAOOGA 
GAAOGGC 
GUUJUUS 
IXSD5CAC7 
GWCAOG 
AOOACAA 
OOACAAG 
ACAAGOA 
CAAGOAG 
GCGAnAU 
OOCGCCC 
OGCCCOA 
GCCCUAA 
AOAAUAA 
AZZAAOAa 
AOAOOGU 
OIXJUAGU 
GOAGOAA 
GOAAAA0 
AAAOCCA 
CAADUOC 
OCACAAC 
CACAACA 
ACAACAA 
COACAAA 
C3UUUUDG 
AnAX3AZ3G 
OAOADGG 
OAOOGGA 
CGG3AAA 
AACACAX7 
ACACAOU 
GCOCOCA 
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350 cmxsaa c waacoj 

352 O UUJJ C U C AACCOTUl 

358 OCAAOCa A AD GG O C O 

364 UMOSCXJ C aftCOMSA 

366 ADGGOCD X COMADS 

369 Gac[nca k gadsaoi 

379 tX»aUU7 a 

387 GCXMUOJ 17 AAACOCa 

388 OOUUUDU A AADOCOC 

392 ATOMAU 0 QXTXAX 

393 XKBJOm C OOCKAAX 
395 AJUOnCO C GUUUUUl 
405 AAAAACa A USOOiXJO 

412 AAG0GAI7 0 CAACMZ7 

413 AfiOBAm C AAOUUD6 

427 GAOCMn U AnADGAX 

428 A0C3UUDD A DAOSAAH 
430 CAAIXZAU A OSAADCA 
436 OADGAAU C AAUQADC 

440 AAOCMir 9 Aoaxam 

441 ADOUUnr A t3aXSAA0 
443 CAADOAn C OSUmZA 

449 OCOGAAO a ACCDGQA 

450 CCGAACa A COOOQAD 
453 AAXXaca 9 ikrtUUUU 

458 LUmUAP U tXSAUCUU 

459 UUiUADCX U GAOCOOA 
463 AUUUGAD C OOAAnCC 

465 DOSAOdT 9 AADQCAU 

466 DGADC09 A AOOCAOX 
469 XDUAAKJ C CAOAAAD 
473 AAOOCAa A AASaADA 

477 CAOAAAO U AOAAOQA 

478 ADAAATO A QAADOAA 
480 AAADOAU A ADQAAQX 

483 OQAOAAD U AAQAPCA 

484 OAODkAOa A AOAOCAA 
487 AADOAAn A tXMCQA 
489 OZAAOAO C AACOAOC 
494 ADCAACQ A GCAAADC 
501 AOCAAAD C AAOGDCA 
507 DCAADSa C ACOAACA 
SU OSPCACa A ACAOCA0 

519 ACAOCAa V AGOOAACr 

520 CAOCADD A GOOAAOA 

523 CAOOACa 9 AAZJADAA 

524 A0aAGa9 A AnAOAAA 
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Table 34: RSV (IC) HH Ribozyme Sequence 



at. 



10 
16 



17 ^coqA Dc coBAaaacococauuycacQCAA aaddcdo 

25 COaDSaCGOOSJUAGSCasa ACOGACC 

31 uaAADDu oxaosacsccsAAAGSccaa ascggca 

32 COAAADU CCGADBACaOCGAAACSCCaAA AACOGGU 

36 GGAGOOA C m An a G g CC C AAACSCOGaA ADDOAAC 

37 GGGACTO CDSAX3SAG3CCGAAAG3CXCAA AADDOAA 

38 ACGGAGU CDGAOSaOSOOGAAAGOOaSUl AAADOGX 
42 AOCAAGC axaOSaoCSOOCSAAAGOOOGAA AGOQAAA 

46 ^^ CTAAcc casADSAosoosAAACMoaA Acacaca 

so QO^^ C a SADSAGSOGG AAAGS OCgAA. ACCAAGG 

51 CCADOX: CaSADtaCSOCGAAACSCCSAA AAOCAAC 

67 CreAACG COSAOSACCaaaAAGSOaaA acdccdg 

63 ACTCAAD CtXaUMGCOaAAGGCrCSAA AACDGCU 

71 CAnACDC aWAOSAOQOaSAAAOCOCGAA AnsUTO 

'6 OOTADCA COaOSAGSOCGAAAGaoaSAA ACKAAD 

31 OAACDDa CCGAIXaOKXGAAAOSCCCAA ACCanAC 

37 G^s^Aira axaasAGGCoa^^ 

88 C^AUC OXSAOSAOESCOSAAAOWaaA AACDDOa 

« ADuroro cosAixacGcaaAAGGcasAA adcoaac 

93 AADTOTO C0(»tXSAG3CCGAAAC»XGAA AAIDCDAA 

100 OCAAACA COSADSAGCSaaAAOGCCaA ADDDDCa 

O V *A. R %^ ™' — - 



-04 An^a cDESAnaussooGauttooccoui acmato 

los cauosoc caawswococMMBooBu aaouuu 

-20 ACUDX coant a sxxx a uutfaoaau acGocMT 

-28 tanooro cosADsaflKccAAMGcoaui ju3u^ 

-29 otanoTO cosaaacscaauuttsooBu aacuog 

-35 AfiCMxw nianafl o e na K a nQc a aul aodoocx 

-« ARaaa c r wAnaOTco aM M a a c x a uv acouxrt 

-*5 ooROCAG awwxacGcoiauuwocaax xjkxxj 

-56 AAosoMj cro a asa fls cceAAMoooaul tautmu 

-59 COAAADB CDBWBAfiOOOGaUUtOSCOSMl ADOUfflO 

-53 imam. axaosAococGAAAocccsAx adscbuju 

-S4 OTTOcro awADsacaccGsuuusocooui aaogom; 

-«- ccKTOco cofara a c a coG»A A (wc c gu amocobi 
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169 AAAOOSa CDGA3DGACGCC G A A AQ SC OGAA. AGUCDUA 

I'^S OCROCCX CaSAOaaOCCCGAAAGGCCGAA AGCGDUA 

176 aJOAGCC CaSADSaGGCaSAAAGCXCGAA AACCCOT 

181 AOXX CU COSMKAGSCOSAAAGGCCSAA AOCCAAA 

192 QQ5QA06 C0GMX»3GCaSAAAG!»XGAA AOCACDG 

196 tJOSAUro aX»D5AGGCCCaUUUS3CC3AA ADGOACC 

201 aOADUa Ca3ArX»G0CCC»AAGGCCGAA AOIXjUA P 

206 OOCJlDaC aXSADGAGGCCGAAAOGCCGAA A0CDGAC7 

216 CAAACAC COSADSAGSOCSAAAGQCOGAA AOGGCA0 

221 A09CACX CDCSAXJGAGKOGAAAGSCCGAA ACACAA0 

223 CADSC AC COGADSAOGCCGAAAOGCCGAA AACACAA 

231 U050AAZ7 CTOAXTSAGGCCGAAAGSOCSAA ACADGCA 

232 CDDQ3AA WQjiD5AflGtX?3AAAGS0CSAA ftACypgg 

234 QACOOGO CgGADSACQCCG AA AOOOOSAA ADAACAC7 

235 aiACDTO COGADSAOQCCGAAAOOCCQAA AAOAACA 
241 ADAOC AC OXSADSAOOCCGAAAOOCCGAA ACDCCaA 
247 GQOCAAA aXSADGAGSCCQAAAOGOOGAA AOCACOA 

249 OAGQGCA CnADGAGGOCGAAAGQOOGAA AOAOCAC 

250 CQAG90C COSADGAGGCOGAAAOOCOSAA AAOAXXA 
256 QOADQAD gnrsan^ai j j ^ ^tf^AAffTrilAA ftmanVA 
259 AQAXTOAa COSADSAOOCOGAAAOQCCSAA AOOACGG 
262 ACAADAU COQAOGAOOCQGAAAGSCCSAA AOUADCA 
265 ACOACAA CaSAZXAOGCOGAAAGGCOaAA ACUAOCA 
267 OTAO IA C CTGAre A GeSCrTa AA OSC a aA ADADOAD 
270 AUUII UAC COGAP3 A GQCa a A A i3G CC GAA ACAAQAU 
2*^ aOSADOa aX3AD3AGGCaSAAAC3COGAA AOIACAA 
278 GAAAPO G COSADGAGCCCGAAAGSCCGAA AXJOOTAC 

283 GULXAXiA COGATOAGGCCGAAAOOCOGAA ADOGGAU 

284 U.UU»W C0SAPGA0GCO3AAACgC0SAA> AADOGOA 

285 OPaJW U OXSAOCSAGSCCGAAAGGCCGAA AAADCGG 
300 U UWUAG OISADGAGGCCGAAAOGCCGAA ACOGSCA 
303 CADDDOS CDESAIXSAOGCaSAAAOOCCGAA AGUACOC 
316 CAnAOAD CroADGAOQCOGAAAOGCOGAA ACCDOCA 

31*7 ccAnA flA ajQA D Qv c c r^ Aft ft m rm AJv aaccdcc 

319 X CC AOA OXiADSAOGCaaAAAOQOOGAA AOAACCa 

321 ViUA X C A COSAOSAGSCOjAAAOOCCGAA AX3ADAAC 

33fl A UUUAJU COSADSAGGOCGAAAOGOCGAA ADDCCAD 

339 AAOSOSa aX3AIX5AGGCCX»AAOOCCGAA AADDCa 

346 03AGA0 C CTGADSAGGCCGAAAOGCCGAA ADSOCOa 

350 AU MjmaA CCnADCSAOQOCGAAAOCSOCSAA AOCUOXS 

352 XmOGUO CaSAOSAOaCGSAAAOSCOGSU AGAGCAA 

358 AGACCAU COSUXaoaxXAAAOCJCCXaA ACGOtJGA 

364 P CQAGO A CaSADSAOSOCGAAAOGCCGAA ACCADUA 

366 O^CCAG CTOAOSAgOCCGAAAOGCCGAA AGACCA0 

369 OGOCAD C CCTI AWAU jCXItj AAA QQ CaS AA ACOAGAC 

379 ADOOCAC CTOAXXSAOQOCGAAACGCCGAA ADDGUCA 

387 AGAADTO COGAOSAGOCCGAAAOGCCGAA ADUOCAC* 

388 gACAA DU OIGAaSAGGCCGAAAOGCCGAA AADTOCA 
392 0DO5GAC CXJaATOAOGCCGAAAGGCCGAA AOOOAAa 
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III COGADtaCGCOSAAAOGCaSU AADDOAX 

395 ODDOODC OT^AmaffOTO Ga A A GSCCGAA. A»AODa 

A^l Mtjocxj qx a aac s oor a AAoa x GAA acddodd 

412 A w»ww COSAIXaOSCeXSAAAaOCCBAA ADCRCDO 

«3 ODWOT OTOIXSAOGOaSAAAOCmSAA AADCACT 

427 TO=Kat^ CW3AnSAGC!CaaUU«X0SAA AD^^ 

428 CaSAnSAOXoSAAAOOOCSAA AAooeai 
430 OSaroCA CnanSAGSCOGAAAOCXSBUl AOAAOOC 
436 GAIBVADD OIBAIKi A nBCa aA A nB OOc a Ul ABDCAnA 

440 Vaoaa CTTOTJSA OO CCCAAASSCaaA ADUBAOO 

441 xxxksx rnr a naffrcBA A Arw xs AA aaixicad 
'a*rocx axsAiwifiaacsvAAcscoa^ 

449 OOCAAJW CWaDBACSCOSaAAOaOCBAA ADDOia 

450 ADQCAAC COSASBAOecaaUMSROSAA AAODC3U3 
453 OAADOC aXSAnaOGCCtaAAflCCOGAA ACOAAOV 

458 MODCX axstfxsuxcaauvAOQocxsu Aixr^ 

459 a**^*^ casAixaoocaaAAoacasAA AADccaA 
40 «a«»A cranaaocojAAAoscasAA Aaauuuj 
463 MPsao o niuiiAiiJif' i taAfifnrpraA ^iiflapqm. 

46« OAnSGAff OXanaocwaSAAAGOCOSAA AAOOCA 

4» Aoxaas OTOn ac i xo raA A nry TTa a aocmca 

473 OJfflAADO CaatfXajWMBAAAflCJCaSAA AIW^ 

477 OAAOaAD Oiaffafl OC OSAAAOSOCSAA ADDOADG 

CaaOSAOOOOBAAAOawsU AADO^ 
aftTOAAD COSAOSAOCCCaAAAOOCOaAA ABBUUJOa 
OBMIAO? COiAaSAOGCOSAAAaOCCSAA ATOAOAA 
484 OaSADAa COSAIXaoocCBAAAaiOexSAA AADraOA 

487 maaoi axsAOGacaxsaumossaaaA AooAAro 

489 GOaeoa CaSADGaOGCCGAAA(S«GAA ADADCAA " 

494 GAW05C COGAOSAOSCCGAAAOCCCGAA AGOOtau 
Hi CaSAOSAOOCCOAAAOOCaaA AODDGOr 

307 TOTOOT CWSAOSAOSCCGAAAOOOOSAA ACNODGA 

fli ADSrasa CaSAOaAOGOOGBUkAOOCOSAA AflOGAA 

22?™*^ axSWaOBCDSAAAOOCCaAA AAOCCOG 
323 aWaOO OXaOSAOCXCSAAAOQCnSAA Accauus 

OTmoAa axsAOSAoocaaAAasoosAA aacqaad 



477 
478 
480 
483 
484 
487 
489 



523 
524 
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Table 35: RSV (N) HH Target Sequence 



nt . 
9 

21 
23 
24 
32 
37 
45 
SO 
60 
65 
€€ 
70 
73 
82 
89 
108 
111 
113 
U7 
120 
123 
126 
127 
146 
ISO 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



BB Target Sequeaee 



9oeition 



BB Target Sequence 



GSCMAtJ 



GSCOCUU 

(S0CUUSC7 
GAAD5M7 

cuucuw 

COGOOV0 
AOCXAAU 
ACACCW 

AGAQDVGU 
ADBUSQAU 

GGADXCn 

UCCUAAX7 

CXDCAAU 
AAOAAGU 

GflCXUUU 
GCMSUO 
AD5CQM7 
UUUUADU 

AGAOSCa 

coc u mm 

AZJAAADU 
ACOOQSa 



GSOQAAU 
AAQAGOT 



A CAAAGA0 
C OOAOCAA 
U ACCAAAG 
A QCAAACSU 
C AAGOOGA 
a GAAXX3AZT 
A QC D CAA 
C AACAAAC 
C AAC U UCU 
C7 CUjUGAP 
C UUUUA O C 
C JkDOCAGC 
C CAQCAAA 
A CACQCC 
C CAACOSA 
A GQAOOGA 
A ODSAIQAC 
n GAQEACCC 
A (imXtlAA 
C COAADQA 
A ASOAOGA 
U AOQAU W 
A. OGAOSUG 
C AAQAAGCr 
A AGCQAXXv 
U AD50QCSC 
A UmAjMwA 
n ATOAAOC 
A OOAADCA 
0 AAOOUCA 
A ADCACAG 
C AOUSAAG 
A AOmiAA 
C ADAAATO 
A AADOCAC 
U CACOGGG 
C ACCX3Q3U 
C7 AADAOSa 
A AOAOCOA 
A (jUUALXSU 
A OSOQAOA 



217 




218 


G3ACGCD A rsirri^ra. 


220 


ALuuuAn A nr^nrtAnr: 


229 




231 


GADGLT^tJ X GSsn&A!? 


235 




236 


CQAfiSnn A. fiiftai./*io 


254 




260 




263 




277 




279 


^^•^■AWAU w nuviUAAA 


284 


• ADCAQGU A 


299 




305 




315 


AACACmU c Gm^f*\ 


318 




326 


fWlftMUaAU w Aalaj^Aa 


327 


AKiirtfc. AUW A auGSmA 


346 


^^^^^''wuj u uGAAGuG 


347 


wVaAAAUU U vanAKjOUv 


355 


^■"'^■UViU u aaC\DuG 


356 


'^'^'•'^^wU A AQUjIajS 


361 


WUAMUAU u VmCaAGC 


370 




371 


CAAOCro A ACAACUG 


383 


COBAAAP U CAAADCA 


384 


^'S^AATO C AAADCAA 


389 


C'^^CAAAO C AACAOCG 


395 


UCAACAa 0 GASAOAG 


401 


^'^^SAGAn A GAAXDCOA 


406 


AOAGAAn C OAGAAAA 


408 


ASAA0Ct7 A QAAAASC 


415 


Afi^AAAU C CQACAAA 


418 


AAADCOr A CAAAAAA 


431 


AAAOGCa A AAAGAAA 


449 


CSASAGSa A GCCCCAC 


453 


^^«^2ACCU C CAGAAUA 


460 


C^^ciAAD A CAGSCA0 


472 


CACGAOr C CCCCGAU 


474 


^3GAa3Ca C CUGAHOG 
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480 


OXDQAU a G0GGSU7 


696 


491 




698 


494 


OCamAD A QOACGQA 


706 


496 


9aMmn a adgqadx 


708 


497 


nXAOKDa A OGCAQAfi 


709 


501 


^ooMJoa A OAGausc 


711 


503 


WDGCAD A OCAGOUO 


726 


511 


ocaocMJ u AcauoA 


731 


512 


CAGCAOa A GQMOAA 


740 


515 


CAZTOACa A ADXACOA 


741 


518 


UAGOAAa A JICQAAAD 


742 


522 


AADMCa A AADCAGC 


70 


526 


ACOAAAIT 9 AGCM3CX 


751 


527 


CDAAAXX7 A 


754 


544 




755 


549 


AOCOGGU C OTOGC 


756 


551 




766 


552 




787 


563 


oosuuAP u ifioaGao 


788 


564 


OGOGMTO A QGAGMjC 


800 


573 


GAOGO? A ACMOGa 


802 


576 


AGCQAAZT A AUUUUCU 


803 


581 


AOBUUXSa C CDAAAAA 


811 


584 


AOWLXW A AAAAADG 


815 


603 


flAAACGO U ACAAAOG 


816 


604 


AAAOQOa A OAAOOC 


822 


613 


AAAOOCa 0 ACOAOCC 


824 


614 


AAtk^\Kj A GDBICCCA 


825 


617 


coma A QCCAAOG 


829 


629 


AGOACU; A OCCAACA 


830 


640 


AACAGCU a cmosAA 


840 


641 


ACAUcuu c OKxsauia 


866 


643 


AOCroaj A CGMSOG 


869 


652 


(SMOXXJ U OGAAAAA 


875 


653 


AAGDGOa U QUUkAAC 


876 


663 


AAAACMT C OOCACOa 


877 


670 


cccoyro 9 tMncAj 


883 


671 


OOOkCOQ U AmCAPG 


895 


672 


wifcAW A OMSUDGO 


913 


674 


AOOQW A GAUUUUU 


914 


680 


CAfiMDCa u uuuwuc 


916 


ooX 


AfiAZXSOa U UUUULCA 


921 


682 


CSMMJUU U OGOOCA0 


923 


683 


AUiWww U GDOCAOU 


925 


686 


UUUUUUJ U CXUUUUG 


943 


687 


CJUUUaJU C AOOOOOG 


946 


690 


ixMJOdj a ooGGOAa 


947 


691 


uuuuaCU 0 OOGUAQA 


949 


692 


OOCAOOD a GGCAnAG 


950 



( 
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TOULUiU A UAGCACA 
OOSCTUT A GCACAAC7 
GCACAA0 C UOCTACC 
ACAAOCU a CnACCAG 
CAAOCnu C OEACCAGA 
ADCUUCU A OCAfiACS 

OSGQUjO a gagddsa 

GCOUSUja U GAAfiGSA 
AACCjGSVn 0 OUtXXAC 
AGGGAUU O OUGCAGG 
GSSADCtJ U UGCAGGA 
GGADDTO U GCAGSACr 
GCAGSAn U UAiUAUG 
<SO?J30S0 XJ QADSAA17 
GWtXyjU U ADGAADG 
ADIAjUUU a OSAAOGC 
AADGCO; A OSGOGCA 
<XKKX30 U AOGGOGG 
OSAPTO g A CSG O GG U 
OGGSfia C tniAGCAA 
MAbyCU U AGCAAAA 
GAGOOJU A GCAAAAU 
GCAAAAU C AGOOAAA 
^AXTCAGC a AAAAAXZA 
AnCAGOa A AAAAQEAU 
^3AAAAA0 A UUAUUUU 
AAAAnAU 0 AOGDOAG 
AAAnAOU A DSODAGS 
AUOADGU O AGGACAU 
^^^^^Omo A GSACA08 
^CAIDSCa A GC GU GCA 
AACAAGQ a GOCOaOG 
AAGQOSQ U GAGGGDU 
^'^'SAGGa U OAOGAAn 
^XS^OSm 0 ACGAAOA 
-GAGGUUU A OSAADAU 
OMXSAAU A C OOC CA A 
CAAAAA7 U GGG UGGU 
^^^^'OGAi; 0 CQAOCA0 

CAGGAUU c OAoavnA 
OSMJOCa A CCADAnA 
CaAOCA0 A nADOGAA 
ACCAZ3AU A UDGAACA 
CAaADAD 0 GAACAAC 
AAAGCAO C AOOADOA 
<3CAOCAa a AUQAOCO 
CAOCATO A OTODCDU 
GCADUAU U A DC UUU G 
CAUUADU A U C UUU GA 
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955 




960 


wwwvanww \a jiawwv^a* 






96S 




96$ 


s^^%nwww w 1 iff m Mif 


969 




973 




974 




976 




983 




986 




988 




989 




1007 




1013 




1024 




1033 




1044 


fgaiyjAXfT C *^^tiy^l 


1050 


nf^AAf^TT mTT&TT^ 


1052 


^.&A&n^TT & f^R^^^fy* 


1054 




1072 


&&nn^&rT & rw"rv!*«ii 




AAUIWICU V. AAMSMA 




uvAiWMfUJ U AACuAC^ 




VA.M.IAUU A ACuACaG 


• 1 0ft 


rfiUU/WiUU A WwK^UA 


1115 


l^^^TI^TT & ^'T^^S^TT 
^vu«U«Uv«w A WUAQACw 






1123 




1139 


AMUlW^W A vaMmwUA 


1146 




1148 




1155 






AWOU^u u AATOCaA 


1161 


OCAOCOa A AOOCAAX 


1164 


ijwUUAAU C OUUUUjA 


1173 


AAAAGAU A ADGM3W 


1181 


AOSAPGU A GAOCDUU 


1187 


OaGASCg 7 osacooA 


1188 


AGAtiCUU a (SUSOOXA 


1193 


uuiUAca a aacmaa 


1194 


CCXSAGOU A AOAAAAA 



SUBSmUTE SHEET (RULE 26) 



( 

wo 95/2J225 



PCT/IB9S/001S6 

277 



Table 36: RSV (N) HH Ribozyme Sequence 



at. 
Poeitioa 



BB Bibozyae Saqaeace 



9 AUwuu w coaaDsacacasAAAfisoosu adooocc 

21 roSCTA COBADSWaiaSAAAfiSCCSAA AGcracc 

23 CUUUjCtJ OXSAOSAGKCGMAfiSCCSAA AGaCCCX 

24 AOJUUjC CWADSaO300GaAAG30CGAA AACaCCC 
32 OCAACTO CaC»aSAG5CCG^AAG3CC3AA ACODDGC 

37 AixMDc axaoeaoscoGAAAGscca^u ACtSDCaC 

50 comma awMGaysocoswuusscasu asutod 

70 GCOOGA0 CDSWXSMQOOGAAAGOCOGBU ACIOAG 

82 GMPSQg CratfB3«3CCSA&AG3^ ADDDCCa 

108 uoAmc CCT;Arr » fic x ar a ?^ A ryy?j &^ ^ adcdcot 

2-3 GftfiOMX: CTOADSAGGCCGW^OGCCGAA AmoaD 

•17 OTOOGAG CXXSAOOMGCCGAAAGGCCGAA ADCAADA 

120 TOADOAC COSAZWVGCXCGSUUICSS-^ AGOADCA 

123 TCAOUU CTGAOSACGCTGAAJ^^ 

126 ACADCAU CTOUXSAOQCCSSBUAGCCC^ ACOAGCSA 

127 CACADCA OXSdXSMXXXGMJiCSSOO^ AADOACQ 
1« ACOOADD COGAOSAGQCCSAAACSCCaAA ACGOGUU 

ISO CADAAca axarxau5c«»AA«c^ 

154 gOg^C AD axSAOSAOQCaSAAAOOCasaA. ACOOADU 

155 05CCACA CWATOAOGCCGAAAOSOOSAA AACOOAD 
1^ QfflOAAa OKAOSMKXMUUUXX^ ACADGCC 
167 OSADOAA COCara£5aXXaAAOC3CCGAA AACADGC 

169 fJOSm j COSAOSAGSCaSAAAOGCCGAA AXIAACAU 

170 wwwwOJ axaasaOtRXGAAACOCOSAA AADAACA 
173 COOCOKJ Ca3AIXaOC5CCG8UkAOG005AA ADOAAnA 
186 OOKXSAD COGAOSAOOCCGAAAOKWSAA ACCADCD 
189 AADOOAD COSAI»AOC3C0aAA£»XGAA ADOACCA 
192 gOSA AOO C0GAO5A00CCGAAAGGCCGAA ADGADOA 

136 COCAfiOS aXSADaAlWrOAAAiOXXXS^ ADDUADC 

137 ACCCAGU CTOWXaAGGCCGAAAOGCCGAX AASOQAX; 

205 ACOaOU COaAOSAOQCCCAAAOGCaaA ACCCACa 

206 HACCOUJ aWATOAGGCOaAAGCKS^ AACCCAG 
209 ACAOACC CDGaUXSAOGCCGAAAGGCCGAA ATOAACC 
213 OADAACA CTOUXSAOSCCGAAACGCCGAA ACC^ 
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217 QQCAXIW aXSAOSMCXa^AAGSCCXSAA ACAtSyCC 

218 T3DG»nA C0SAIXSA0CXa»AAC3CCGAA AACM3VC 
220 CADOGCA OTSADSAGCX»5AAACC3CC33AX ADAACMT 
229 OXACCOX OlSADSAOCSCaSlAAOQCaSUl ACUJCOC 
231 CaSVACC CaSADSAOSCGtSUAGSOCGMl ACaCADC 

235 OCOU:CU CDSADSMOCOSAAMSOOGA^ ACCUAGA. 

236 UX XJimC aXSAOSAOOCOQAAAGOOOGAA AAOCOAG 
254 GOADO OP C a SADSAGOOOgAAAQQCOGAA ADGGOCa 

2€0 c uLixac croADsaoQCTT aAAG Oc a aui aodqdoa 

263 CAXnra OgAraOGOaaAAflQCCGAA. ACOADDO 

277 ma USk CO5 A O G aO0rTT» AAmCt 3SAA AOOCCGC 

279 TXXnCAD ^"rmm i i a fTnp f g^^^ft ffg pp ^ AQMCCC 

284 uUjwuuw cosadsaoqccgaaagsoogax acaogad 

299 OTACAOC COGAOSAOOCQQAAAGSOCQAX AOJCCAO 

30S ^Uiutw C a SA DS a OGOOSAAACaOOESAA ACADCOA 

33.8 AUSUCUU CCXSUXSAOQOaSUUIGQCQGSUl Ai33AZ3Ga 

326 UUJmP q CaSADGAOC3GG5AAAOC30aGAA ADGOCOU 

337 UUXX a O CDGAOGAOOOOSAAAOGOQGAX AADSOOr 

346 Q CTOCA OTa CTS A OGOOGAAACSOOSAX ADDOCAKT 

347 ACAc w ^ Ca SAaSAG GC CGAA A QQOOGAA. AADOOCX 

355 CAADSro axaDSACGOOGAAAGGOCXSVA ACAOJOC 

356 COMXXJ OXMJGAGGCCGAAAGGCQGAA AACACTO 
361 O CUUjCC CDGADGAOOOOGAAAOOOOGAA ADSOOAA 

370 ^^^^^ CtXaaSAGOQOGAAAOQOOGAA AOCDDOC 

371 Q k ^AAig anA tXaOGOOGAAAOSOOSAA AAOCOOG 

383 OBAOOOS OXSAOSAOGOCGAAAGSCCGAX ADTOCaG 

384 mxarou OnADSAOOCaSAAAOGCOGAX AAXX70CA 
389 CA AOSro COSAOSAOGOOGAAAOOOOSAX ADQDGAX 
395 CaADCK COSAXXSAOGCOGAAAGGOOQAX AD5DDGA 
401 q^gAODC aXSAOGAOGOOGAAAOQCOGAA AOCDCAA 
406 " UU^CU^ qg M gMgOaa AA flGOC G AX ADDCUA0 
408 OOTDOC aXSA03AOOCOQAAAOOCOGAA AGADDCO 
415 uwuuwiG axaOSMSGOQGAAAGQOOGAX ADCCtJCO 
418 UUAW« OXaOSAGGOaauuyOOOOGAX AQGAOOa 
Ol ^UaiW U OCXa OBXS O DOGAAAOQOOSAX AGCAODD 
449 OnaoC aXSADSKOQOOGAAAOOOQGAA ACCDCDC 
^53 WJJwi COBADGAOQCOGAAAGGOOGAA ACCDAOC 

460 Aox u x j crnAn w y3ca» AA flQca au i aoocdgg 

472 ADCAOQA axSAOSAOGCOGAAAOOCOGAX AGDCADS 

474 ovAPCA g gpAasMQc nauu yQo occ Ax agxsdca 

480 ATOOGVC CqSAPSAOOOaSAAAOGOOSAA, AE3CAOGA 

4^1 AQAAnAD CTOADGAOOOOGAAAGGOOSAX ADCADCC 

494 UACADAA CDGADGAGCSCaAAAOOQOSAX ADOADCX 

496 QAOACAn CTOADGAOOCCGAAAOSOOGAX AOASaA0 

497 CQAXnCA CroAPa AO QO CG A AA fl O CO GA A AAIIAOCX 
OaXSCOA CDSAOSAOQOOGAAAOOCOGAA ACADAAQr 

503 AO6CD0C CtX»ZX»GGCOGAAAO0CaSAA AnACADX 

511 OAUUACa C ro ADSAGGC C GAAAQOOCGAX AOGCOGC 
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5U OTMrac C0GAIX5ACGCCGAAAGGCOGAA AADGCDG 

515 TOGOTMJ COGADGaCSCClGgUUtfSCCSAA AOBUro 

518 ADOtmca CqGAD GA GGCCg A Aj y sgc a gVA ADUACOA 
^^^^XaOgOCGAAACOCQgUl ASDOWD 

526 ^^ ^ ^ v CDCaOGaCGCOGWgujOOOGAA JUJOOAGa 

527 coscosc ctxsaosAocxrcsuuusKo^ AADOUao 

544 A^aCC X CaSADSaOGOCGAAXOXOaA AUUJUX: 

549 coQAnsAasoasAMOKaaui accmsw 

551 ^" WUaju axSAXX5AOOOOCaUU«aCOOUl jySAOCAC 

552 Aa iK W CaSADGMQ0CG3UUtf»CCGAA AAGACCA 
563 ^, ^ A: t X, \ , v CDSAD3AGQ CC GXA A CgCaSVA ADCXCGG 
5^ GOTOIOC CTMXaGOOOQAAJyQQCCGaA AAOCXCG 

573 AcaooMJ cosaosacoonauuysGOosaA aococdc 

576 ^fiaaO P CDCSAXXaOGQCCaUUyGXOQAA MTOGCT 

Sfll w wuvwG ORMCSaOCOCSAAACSCOGAA ACADOMT 

584 CAllbuuu Cra«a«X»GBUU«C3CCS^ ACCaCA0 

603 CWViXAJ COCStfjaU5CRXXSAAAGC5CC^ AOGODCC 

604 WaJU W ggAa aft CGOO SAAA GXO G AA AACCDOT 

613 QQtaPC P orarriA^^uj HiAAAflQcocaA a c oc uw 

614 nO^G CaSAIXSAOOCCGAAACSCOSAA AAGCCDU 
617 wwuu^ CTOADSAGQCXQAAAfiOOOGAA AGOAAGC 
629 CCOOOGC CaCXSADSAOGCCGAAAOSOOQAJl AOOOCCa 

640 roam C COSAOSAOGOOSAAAOSCCGaUl AGCDGCU 

641 COTOTA aXSADGSyaOOOGAAAOGCOSAX AAQC TOU 
643 QCOOCA CWSAIXSaGGCCGAAAOQCaSAA AGAAGCU 

tmwwuw CTCAIXSAGOCaSUUWOQOOaAA AOUCQUC 

653 ^J^ J^JK^u^J^^ CDSAOMCOCGAAAOOCaaUl AACACOU 

663 AAfiOGSS CTOAOSAGCiCaSAAAGOOCGAA ADGDUTO 

670 AXJTOnA Ca S A DSAO QO rnAAA OO C C gUV AGOSCSGG 

671 CAOCtZAO Ca3AOSaOC»3C»AAOt3CCGAA AAGUGGQ 

672 ACAOCm COSADSAGGCOSAAAGGCCGAA AAAGOGG 
674 AAACADC CWAOSAfiGCCGaAAGXCGAjl ADAAACa 

680 GAACAAA. CaSAOSAOOOOSAAAOGOOSAA ACJOJCDBl 

681 05AACAA CaaaSAOSCCCAAAOOCaaA AAaVDW 

682 ATOAACA OXSAIXaOGCaSAAACJXnSAA AAAOWC 

683 AADSAAC axaoawOOTUUlOOOCGAA AAAACAff 
^86 CAAAAZXS ClX»DGA«005AAAfi30a3AX ATAAAAA 
687 CCAAAA0 COGMXMSOCOCSiJi^^ AACAAAA 
690 AIIACCAX OXSADSAOOCOSAAAfiSCCGAX AXXSAACA 

UADAOCA CaSAXXSAGS0CGAAA£50CaSAA AAOGAAC 

692 COAnACC COSAIXaUSGCCCaAAGGCCSAA AAAOGAA 

696 i MMM A COSAOSAfiCCOGAAAOOOaSAA ACCAAAA 

698 ADOSroc COiaOSAGSCCSAAAOOCCCAA AUACCWk 

706 ^gMAX CraiXSAOOCOSAAAGSCCGAA ADDCOGC 

Za! f??^? CCWADGAOGOCSAAAOGCCGAA AGATOCa 

709 ULXXMJA COSAOSAOCXCraAAOGCCGAA AAfiADOG 

'U CCreOSG CaSAOaAOGCOSAAAGSCCGAA AGAAGAIX 

^6 OCAACDC CUGADSAOGOCGAAACGCOSAA AlOTCOl 

731 raooccocAra^^ 
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740 CWaVAA COTADWGGCCGAAACJGCCGAA ADCCCUU 

741 CCOKAA a35AroaOGCCGAAAC5CCG3a AMCCCO 

743 ADDCOSC QgaCT3AGQCOfflUUO0OaaVA AAAAOCC 

751 CMXXAC axaOEMGCOGBUUOSCOSUl ADCCDGC 

754 ADOMEA COGAOSAGGCCGJVAAGSCOSAA AOUOJCC 

755 CADOCAD CXX»O3AOC3Ca3AAAO800GAA AACMOC 

756 gg^n tXZA OTSAIXSWCCCGAAACSOCSAA AAACAAU 
766 OSCAOCA COGAOSAOOCCGAAAOOCOGSAA AGSCAOT 

787 CCROCro CTOADGMGOaSAAAfiSOCSAA ACADCAC 

788 CCaca ; CTOADGACGOOGAAAfflOCGAA AACACCA 
^^OAA C D SaAPG A QOOOGAAACSOOgAA ACOOCOC 
UlUUiOl aXSAOBaCSCOCAAafiSOOGAA ACACDCC 
AOroroC OTSAaSAGOOOSAAAOOOOCaA AAGArar 

8U UraUjOT COQADSAOCCOGAAAfiOOaSAA ADDDOBC 

815 ms xnaa cosaosaoocgsaaaoccosaa AoxsADa 

816 AOADDDa CtXSaDCaOCSCCGAAAOGCCCaA AACocan 
322 AACAOAA aXXXS^CGCCGAAKSOCCGSA AZnoODA 
825 -^O h^ Cnf^ A Oa G S C OGAAAOOOOSAA ADACDTO 

329 A Pami CnADGAOQOQSAAAOSOGSAA ACAnAAU 

CAOSDCC aXiADGASSCOGAAAOQQOSAA AACUJAA 
340 OGCAC AC aXSAaSAGGCaSAAACOOaA AGODGa 

vXU wiAAC axaPSaCQOOGAAAaSCaSAA ACOOCOU 
869 AAAOCOC CIX»DSM3QQQ(SUUy09QaSU ACAAOJO 

875 ADranA aXSA»SAGOOOGAAAG300GAA ACCDCAA 

876 mJJOOO aXSADGAOOOCSAAAGKOSAA AACCQCA 

877 PmnOCX OTUDSAaxrOAAAOSOOGSIA AAACCaC 
883 CO0OC3CA COGAOSAOOOOCSAAACSOOtaA AroCAZJA 
895 AraoCC C a S A PS A flXaSAAAfiSCCSAA ADOOOTO 

913 Al^mC aJSAOSAGGCCCAAAOGCCGAA ADOCOGC 

914 OADSCaiA COSADSAOOCOGAAACSSGQQAA AAOOCOG 
916 tanAOSC COSAXXSAOMOGAAAOOOaSAA AGAADCC 
521 TOOUfflA CWAnSMaOOQAAAOOOOaA A035QAG 

OWADSaOOOOQAAAGSOaSAA ADADGCa 
GCOSDW COSAaaiQOrn a AAfl Q OOGAA AOAnADG 
943 OAAnAAn COCanSAOC3CCX3UUU3C«OGAA AOXOOO 

946 AGADAAXJ OXStfXSAOGCasaUUUaSOCC^ ADSAOGC 

947 AAGADAA aXSADSAOC»XSUUU3300SAA AACQADG 

949 CAAACAn COSAOSAOGOCGAAAGOOaSAA AOAAOGA 

950 OCAAMSA CaSAOaoOCOSAAACSGOOaUl AAOAAOG 
552 AGOCAAA OXSADSAOGCCGAAAOGOCCAA AQAAnAA 

954 ^^aCOa, CaSADGAOGOaSAAAOSOOGAA ACAOAAn 

955 OOSftGOC COSADSAQOCOQAAAOGOOGAA AAGAnAA 
960 GGAAACTJ a»W»A00CCC5AAAGQCaSAA ACOCAAA 

964 GUSAOGA COaAOSAOCKXGAAAOQCXCaA ACDGACa 

965 ACTOAOG COGADGAOOCCGAAACGOaaUl AADDGAC* 

966 AAGDSAG CUGAXXMOCOSAAAGGCOGAA AAADDGA 
969 GaCAACD OTGAOGACOOCGAAAfiOCCGAA AGGAAAU 
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ACOGGAG axSAOGAGOCCGAAAGSCCSAA ACCGAC3 
CACUGGA COSAOSAGGCOjMAGSOOSAA AAGOSAC 
QACACro ClPAro a CgOOCaUAGSCOSAA agaagcg 
CTAATO C aXSADSAOGOOSAAAOGCCGAA ACACTOG 
UitXTIAA OTSADSAGSOOSAAAGSCCGAA ACOXCAC 
AUtX^CCa C0GACGAGgCC3AAACGCCSAA AQAOIAC 
CADDSCC OXiAZXaOCSCCGAAAGQOaGAA AADACOX 
OTAOS CC C CT S A OSAfiSrnrtt A A CS COSAA AG3CCAG 

ACCO OIS COSADGAGGCCSAAAGGCCGAA AOT^ 
COCGGO; COGAOSAOOCCSAAAGSCaSAA ACC9CCG 
ACAOCOa CqSADSaOKCaAAAGOOCSAA MLCVug 
OCAXIAIIA aXa03A CSC C G AAAGSCCSAA A C C JU SA 
CADCAOA COS A DSAGGOCGAAASSCOGAA ACADCTa 
tXjCADCA COSADSAOGOCGAAAGSOOGiAA AQAGACC 
TOCAQCA CKADSAOESOCGAAAOQQOCSU AD 50 C UU 

OWAG Oq COS A DSAOGOOSAAACSOOGAA AXXACAC 
^^fcfciUiWOT CreADtSAOGOGSAAAGSCOGAA AAOCACA 
HACACOS a XSAexSAQGCCG AA AGQ CC SAA AGOGAAZr 
AGOCOAG COS A IXaOGQOgVAAGSOCaUl ftTACTTO 
g^AACOC CXXaOGAOSCOGAAAGSOOGAA. AGOACAC 
WCUSlfc CaS A P3AGSCaaAAAGCC0SAA ACCCOAG 
QAGCQX : CTSAIXSAOGOCGAAACSOaSAA A UUUCUU 
TOJUOSA axaOSAGGCCGaAAOGCaSAA ACCCDCO 
GAUiwu C0GAO3AC5CCGAAAGS0GSAA ^mflTTTT 
^^^^AAOCa CDQAOSAOGCCGAAAGSOOSU AOSODUG 
TOMAXW CDGAOacSCCGAAAOGCCGAA ACCZ^GAD 
OTOOGAO COCaOSAGGCCGAAACGCCGAA AACCDGA . 
^JCaUUm CaSAOSAOGCOCAAAOGCCGAA ACCAACC 
ACADCAO CaSAtXaCOCCGAAACSCaSAA ADCUUW 
AAA GCOC aJSA OSAGGCCGAAAGGCOSAA ACACCAZ7 
OAAOICA COBAaSAOOOCGAAAOCCaaA AGCCCOA 
OQAAC OC CqSAOSAGC y xiGA A A CG CCGAA AACCDCU 
^ro^JU OXSanSAGSCCGAAACSCCGAA ACOCAAA 
roUUttta COGAOSAGGCaiAAAGGCCCaA AAC3CAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidite 
[Added/Final] 
(min) 


Time* 


% Full 
Length 
Product 


A9T 
A9T 


T [0.50/0.33] 
S [0.25A).17] 


[0.1/0,02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GQUbQGT 
(GGLOsGGT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


IS m 

■ W III 

15 m 


81 


C9T 
C9T 


T [0.50/0.33] 
S [0.25A).17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


U9T 
U9T 


T [0.50/0.33] 
S [0.2S/0.17] 


[0.1/0.02] 
[0.1/0.02] 


ISm 
15 m 


80 
85 


A {36-meO 
A (36-nier) 
A (36^er) 
A (3&^er) 
A (36Hfner) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/00)5] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
1Q/5m 


21 
25 
25 
38 
42 



•Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-0-methyl coupling. S a S-S-Ethyltetrazole. T » 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-C>methylnucleotides. 
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Table 40: 



Sequence Oeproteetion 
Reagent 



iBu(6GU)4 NH40H/EtOH 
MA 
AMA 
MA 
AMA 

iPrP{GGU)4 NH40H/EtOH 
MA 
AMA 
MA 

AMA . 

C9U NH40H/EtOH 
MA 
AMA 
MA 
AMA 

A (3&mer) NHtOH/EtOH 
MA 



Base Deproteetion 



Time T 'C % Full 
Length 
Product 



16 h 


55 


62.5 


10m 


65 


62.7 


10m 


65 


74.8 


10m 


55 


75.0 


10m 


55 


77.2 


4h 


65 


44.8 


10 m 


65 


65.9 


10 m 


65 


59.8 


10 m 


55 


61.3 


10m 


55 


60.1 



4h 


65 


75.2 


10 m 


65 


79.1 


10 m 


65 


77.1 


10 m 


55 


79.8 


10 m 


55 


75.5 


4h 


65 


22.7 


10 m 


65 


28.9 
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Table 41: 2'-0.AlkylslIyl Deprotectlon 



Sequence Deprotectlon Time T % Full 
Reagent (min) Length 

Product 





TBAF 


24 h 


20 


84.5 




1.4 MHF 


0.5 h 


65 


81.0 


(GGU)4 


TBAF 


24 h 


20 


60.9 




1.4 MHF 


O^h 


65 


67.8 


Cio 


TBAF 


24 h 


20 


66.2 




1.4 MHF 


0.5 h 


65 


86.1 


Uio 


TBAF 


24 h 


20 


84.8 




1.4 MHF 


0.5 h 


65 


84.5 


B (36^«r) 


TBAF 


24 h 


20 


25.2 




1.4 MHF 


1.5 h 


65 


30.6 


A (36^er) 


TBAF 


24 h 


20 


29.7 




1.4 MHF 


1.5 h 


65 


30.4 



B is 5'- UCU CCA UCU QAU GAG GCC QAA AGG CCG AAA AUC CCU 
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Table 44. Kinetics of Self-Processing In Vitro 



Self>Proc8S8ing Constroets 


k (min*^)* 


HH 


L16 ± 0.08 


HDV 


0.56 ± 0.15 


HP(Gq) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozjnBe 8elf<leavage 
determined &om a non-linear, least-squares fit (KalaidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uneleaved Ibranscript) s (l-e*^ 

ITie equation desaibes the extent of libozyme processing in the presense of 
ongoing transcription (Ung & Uhlenbeck. 1994 Proc. N,tl a..^ y^^^ 

6977) as a function of time (t) and the unimolecular rate constant for cleavage' 

(k). Eachvalweofkrepresents the average etrange)ofvaluesdetemiined 
from, two escperiments. 
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Tabl« 45 



^ntry Modification 



1 U44U7aU 

2 U4&U7»2'-OHVIe-U 

3 U4 « 2'«CHa.U 

4 U7 = 2'aCH2-U 

5 U4 & U7 a ZmCHz-U 

6 U4 . ^aCFrU 

7 U7 » a'aCFrU 

8 U4&U7a2'=CF2.U 

9 U4 » y-F-u 

10 U7 = 2'-F-U 

11 U44U7»2'.F-U 

12 U4 ■ 2'-C.AIIyiH; 

13 U7 = 2'-C-AiryHJ 

14 U4&U7-2'0-Allyl-U 

15 U4B2'.araF-U 

16 U7 a 2'.araF-U 

17 lM&U7a?.areF4J 

18 U4 8 2'-NH2.U 

19 U7«2*-NH2-U 

20 U4 & U7 » 2'44H2-U 

21 U4 s dU 

22 U4&U7adU 



ti/2 (m) 
Activity 

(tA) 



Un (m) 
Stability 
(ts) 



0 



Is/tA 
X 10 



1 


0.1 


1 


4 


260 


CCA 

650 


6.5 


120 


180 


8 


280 


350 


9.5 


120 


130 


5 


320 


640 


4 


220 


550 


20 


320 


lOO 


4 


320 


800 


8 


400 


500 


4 


300 




3 


>500 


>1700 


3 


220 


730 


3 


120 


400 


5 


>500 


>1000 


4 


350 


875 


15 


500 


330 


10 


500 


500 


5 


500 


1000 


2 


300 


1500 


6 


100 


170 


4 


'240 


600 
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What is claimed is; 

1. An enzymatic nudeic add molecule which deaves ICAM-1 mflNA, IL- 

5 mRNA, rei A mRNA, TNF-o mRNA sites shown in Table 23, 25, 
5 27. or 28. CML assodated mRNA selected from those identified as 

SEQ. ID NOS 1-25. or RSV mRNA or RSV genomic RNA in a 
region selected from the group consistmg of 1C. IB and N. 

2. The enzymatic nudeic add molecule of daim 1. the binding amis of 

which contain sequences complementary to any one of the 
1 0 sequences defined in any of those in Tables 2, 3. 6-9. 1 1 , 13, 15. 

23. 27. 28. 31, 33, 34, 36, and 37.. 

3. The enzymatic nudeic acid molecule of daim 1 or 2. wherein said 

nudeic add molecule is in a hammerhead motif. 

4. The enzymatic nudeic acid molecule of daim 1 or 2, wherein said 
1 5 RNA molecule is in a hairpin, hepatitis delta vims, group 1 Intron, 

Neumspora VS RNA or RNaseP RNA motif. 

5. The enzymatic nudeic add molecule of claim 1 or 2. comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

20 6. The enzymatic nudeic add molecule of daim 5 comprising between 
14 and 24 bases complementaiy to said mRNA or genomic RNA. 

7. The enzymatic nudeic acid molecule of daim 1 or 2. comprising 
between 5 and 23 bases complementaiy to said mRNA or genomic 
RNA. 

25 8. The enzymatic nudeic add molecule of claim 7 comprising between 
10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nudeic acid molecule consisting essentially of a 
sequence selected from the group of those shown In Tables 4-8. 
10. 12. 14-16, 19-22. 24. 26-28. 30. 32, 34 and 36-38. 

30 10. A mammalian cell induding an enzymatic nudeic acid molecule of 
claims 1 or 2. 
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1 1 . The cell of claim 10, wherein said cell Is a human cell. 

12. An expression vector including nucleic add encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 
molecule(s) within a mammalian cell. 

13. A mammalian ceil including an expression vector of claim 12. 

14. The cell of claim 13, wherein said ceil is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5. relA, TNF-o, or RSV by administering 
to a patient an enzymatic nudeic add molecule of daim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1. IL-5. wM, TNF-o, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial Ischemia, stroke, psoriasis. 
Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkyinucleoslde, 2'-deoxy-2'-alkylnudeoslde, nudeoside 5*-deoxy- 
5'-dihalo-methyiphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate. nucleoside 3'-deoxy-3'-dlhalo- 
methylphosphonate, and 5',3'-dldeo;!!y-5',3'-bis(dlhalo)- 
methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotlde, 2'-deoxy-2'.alkylnucleotide, 5'-deoxy-5'-dihalo- 
methylnucleotide, 5'-deoxy-5'-dlfluoro-methylnucleotlde. 3'-deoxy- 
3'-dihalo-methylnucleotide, and 5',3'-dideoxy.5',3'-bis(dihalo)- 
methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of S'-C-aikylnucleotide, 2'-deoxy-2'- 
alkylnucleotide. 5'*deoxy-5'-dihaio^thyinueieotide. 5'-deoxy-5'- 
difluoro-methylnucleotide. 3'-deoxy-3'-dihalo-methylnucleotide, 
and 5'.3'-dideoxy-5'.3'-bis(dihalo)-methyiphosphonate. 

22. The S'-C-alkylnudeoside of daim 19. wherein the sugar portion is in 
a talo configuration. 

23. The 5'-C-aJkylnucleoside of claim 19, wherein the sugar portion is in 
an ailo configuration. 

24. An ofigonudeotide comprising a nudeotide selected from the group 
consisting of 5'-C-alkylnucleotide. 2'-deoxy-2'-alkylnucleotide, 5'- 
deoxy-5'-dlhalo-methylnucieotide, 5'-deoxy-5'-difluoro- 
methylnucleotide, 3'-deoxy-3*-dihalo-methylnucleotide, and S',3'- 
dideoxy-5',3'-bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1. R2 and R3 
independentiy is selected from the group consisting of hydrogen, 
an alkyi group containing between 2 and 10 carbon atoms 
Inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino adds inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An digonucleotide comprising a 3'-amido or peptldo group. 

27. An digonucleotide comprising a 5'-amido or peptide group. 

28. The oligonudeotide of claim 24, 25. 26, or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyI group at Its 5'-position or 2- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine. diethyiazodicarboxyiate, p-nitrobenzoic 
add under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3*«dlha!o- 
methylphosphonate comprising the step of condensing a 
dlfluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for fonning a nudeostde 5 • or 3'* 

1 0 difluoromethyiphosphonate. 

32. The oligonucleotide of daim 3. wherein the nomiai hammerhead U4 
and/or U7 positions are substituted with 2'*NI^-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing . 
S-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidite during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
S-S-alkyttetrazole at 0.1SO.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH40H/allcylamine (AMA) a! between 
60^C - 70*C for 5 to 15 minutes to remove any exocycllc amino 
protecting groups from protected RNA; wherein said alkyi is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA aUcylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine^hydrogen fluoride (aHF^TEA) trimethylamine or 

30 disopropylethylamine at between 60 "C-70 •C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 *C-70 
•C for at least 5 min, cooling the resulting mbcture and contacting 
said mature with TEA-3HF reagents under conditions which 
remove a protecting group of the 2**hydroxyi posttton. 

39. Method for synthesizing Rf^ containing a phosphorothioate linJ<age 
comprising the step of contacting 6-10 equivalents of 3H-1,2- 
benzodithiole-3-one 1,1 -dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyltetrazole or 
5-S-methyitetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing 2'-deoxy-2*-amino-nucleoside 
phosphoramid'rte, comprising the step of protecting the 2*-amlno 
group with a N-phtaioyI group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2*-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2*-pos{tlon of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BFsOEta) under SEM removing conditions. 
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48. "nie method of claim 57 wherein said (BF3«OEt2) is provided in 
acetonitriie. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
S intramolecular or Intermolecular cleaving activity, said first 

ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group 1, and RNaseP motif: 

and a second nucleic acid sequence encoding a second ribozyme 
10 having intennoiecular cleaving activity, said Second ribozyme 

being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I. and 
RNaseP motif and said second nucleic acid being flaniced by other 
nucleic acid sequences encoding RNA which is cleaved by said 
1 5 first ribozyme to release said second ribozyme from RNA encoded 

by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which laclcs secondary structure which 
20 reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of daim 49. 

51. A transcribed non-naturaJly occumng RNA molecule, comprising a 
desired therapeutic Rl^ portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 

25 between a 3' region and 5' complementary nucleotides in said 

RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
30 by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51 . wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of daim 53. said RNA having A and B boxes of a 
type 2 pol lit promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box 

57. The RNA molecule of claim 53. wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of daim 51, wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic odiUng RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5' tenninus is able to 
base-pair with at least 12 bases of said 3' region. 

61. The RNA molecule of claim 51. wherein said 5* terminus is able to 
base-pair with at least 15 bases of said 3' region. 

62. ONA vector encoding the RNA molecule of claim 51 

63. The vector of daim 62. wherein said vector is derived from an AAV 
or adeno virus. 

64. RNA vector encoding the RNA molecule of claim 51 . 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol 111 promoter. 

67. Cell comprising the vector of daim 62. 

68. Cell comprising the vector of daim S3. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introd.ucing said molecule into said cell a RNA comprising a 
desired RNA motecule, having a 5' terminus able to base pair with 
at least 8 bases of a 3* region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
Interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
10 bases in helix 2 and able to base-pair with a separate substrate 

RNA, wherein the said ribozyme comprises one or more bases 3* 
of helbc 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans. 

1 S 74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20. o is 0 - 20, n is 1 • 

20 4, and m Is 1 • 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base^pair with a substrate 
1^ to form a helix 5. 

77. Trans-deaving Hairpin ribozyme comprising at least 6 base pairs in 
25 heroc 2 lacking a substrate RNA moiety. 

78. Trans-llgating Hairpin ribozyme comprising at least 6 base pairs In 
helix 2 lacking a substrate Rl^ moiety. 

79. The ribozyme of claan 73 having the structure of Rg. 73. 

80. The ribozyme of claim 73 having the structure of Rg. 74. 
30 81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of clainis 73-80, in a manner which ailows 
expression of that ribozyme within a ceiL 

83. A celt including an expression vector of daim 82. 

5 84. Method for altering In v|Y9 the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic add molecule, wherein fontiatlon 

of said duplex or triplex molecule directly, or after nudeic acid 
repair in vivo, causes at least one base in said nudeic add 
molecule to be chemically modified to hinctlonally alter the 
nudeotide base sequence of said nudeic acid sequence. 

1 5 8S. The method of claim 84, wherein said oligonucleotide is of a length 
suffident to adivate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of daim 84, wherein said oHgonudeotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84. wherein said nudeic add molecule is DMA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of daim 88, wherein said mutagen is nitrous add. 

90. The method of claim 84 wherein said oligonucleotide causes 
deaminatlon of S-methylcytosine to thymidine, cytosine to uradl. or 
adenine to inosine, or methylatlon of cytosine to 5-methylcytoslne. 

91. The method of claim 84. wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a ceil or 
tissue, comprising the steps of, 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-ioop base*paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-ioop is fonmed In a region of said first 
nucleic acid molecule at a location which promotes expression of 
1 0 RNA from said first nudeic add under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said ceil or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of; 

providing a complex of a first nucleic add molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to fomi an R-loop base-paired 
20 stnjcture under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic add molecule lacks a promoter 
region and said R-toop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic add under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced In said 
ceil or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nudeic add molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to fomi an R-loop base-paired 
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Structure under physiological conditions with said first nucleic acid 
molecule; wherein said R^oop Is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nudeic add under said conditions: 

and wherein said second nucleic add further comprises a 
localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nudeic add molecule is produced 
in said cell or tissue. 

95. Complex of a first nudeic add molecule encoding an enzymatic 
nucleic acid associated with a second nudeic add molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to fomi an R-loop base-paired stnicture 
under physiological condiUons with said first nudeic acid molecule; 
wherein said R-loop is fanned In a region of said first nucleic add 
molecule at a location which promotes expression of RNA from said 
first nudeic acid under said conditions. 

96. Complex of a first nudeic add moiecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
suffident complementarity with said first nudeic add mdecuie so 
that it is able to forni an R-loop base-paired structure under 
physiological conditions with said first nucleic add molecule; 
wherein said first nucleic add molecule lades a promoter region 
and said R-loop is fomied in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nudeic acid under said conditions. 

97. Complex of a first nudeic add molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid mdecuie 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to forni an R-ioop base-paired strudure 
under physidogical conditions with said first nucleic acid molecule; 
wherein said R-loop is fomied in a regfon of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic add under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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pjQ /J/J S35 Sequence 



GGCAG AACAG CAGACUGGCG CAGCGG A AGC GUGCUGGGCC CAU AACCCAG 5 0 
AGOUCGAUGO AUCXjAAACCX: OGGAUCGUAC CGCGOUGGAU CCACUCUOCU 100 
GUUCUGUUU 109 



FIG. 45. 



HHIS36 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCOAUGG AUCGAAACCC CGGAUCGUAC CGCGG£A£AA CACUGAUGAG 100 
r.ArrnAAAGO ^frrr.AA Arr.fi OCAG GAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



PfQ 46. S35 Plus Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGOUCGAUGO AUCGAAACCC CGGAUCGUAC COCOGGOAUC CUAACOAUCC 100 
GGGGUGUCGA UCCAUCACUC UOCUGUUCUG UU U 133 



jZ-jQ 4Y HHIS36P1US 



OGCAGAACAO CAOAOUOGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGOUCGAUGO AUCGAAACCC CGGAUCGUAC COCOGCACAA CACUGAUQAQ 100 
r.ArmA A Arrf; n rfOA a Arr.fi GCAGGAUCCU AACOAUCCOG GOUGUCGAUC 150 
CAUCACUCUOCUGUUCUGUUU 



Underlined bases indicate the HHI ribozyme sequence 
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A BOX = URGCNNAGYGG 
B BOX B GGUUCGANUCC 

N = A. U, aprC 

R s Purine 

Y = Pyrimidinc 

• = Indicates base-pairing 

— . = Indicates covalent linkage 

«^*= Indicates sites at which desired 
RNAs can be cloned 



This is based on Getduschek & Tocchini-Valentini, 
(1988) Annu Review Biochem. 57. 873-914. However 
this consensus sequence is not meant to be limiting 
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